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'phis Annual Report i s  t h e  f i f t h  of a -serges desc r ib ing  t h e  res3lts 
-.-rrrv 

s f  r e s e a r c h  conducted by t h e  3 . S .  Geological Survey on behalf of t h e  

Kat ional  Aeronautics and Space Admix-Astration. This r e p o r t ,  which covers 

t h e  per iod J u l y  1, 1963 t o  J u l y  1, 1964, i s  i n  t h r e e  volumes correspsndlng 

t o  t h r e e  main areas of research:  P a r t  A, Lunar and P lane ta ry  I n v e s t i -  

g a t i o n s ;  P a r t L C r a t e r  and So l id  S t a t e  I n v e s t i g a t i o n s ;  and P a r t  C 

Chemistry and Petrology; and a map supplement. An a d d i t i o n a l  v o l m e  

L 
Cosnic I, 

1D 

p r e s e n t s  i n  a b s t r a c t  form summaries of the papers i n  P a r t s  A ,  B ,  and L. 

The major long-range o b j e c t i v e s  of t h e  a s t rogeo log ic  s t u d i e s  program 
___4_ __.I 

are  to determine and map t h e  s t r a t ig raphy  and s t r u c t u r e  of t h e  Xooc's 

c r u s t ,  t o  work out  from t h e s e  t h e  sequence of even t s  t h a t  l ed  t o  t h e  

p re sen t  c o n d i t i o n  of t h e  Moon's su r face ,  and to determine t h e  processes  

by which t h e s e  even t s  took place.  Work being c a r r i e d  out t h a t  leads toward 

t h e s e  c b j e c t i v e s  includes a program af ~UREE Leologic mappiziig; s t d i e s  on 
c -* - -i r-- *-,,-.,*.,.*- 

-.-_ 

t h e  d i sc r2mina t i sn  of geologic  materPals s-7- the lunar s u r f a c e  by t h e i r  

photometr ic ,  p o l a r i m e t r i c ,  and in f r a red  p r c p e r t i e s ;  f i e l d  s t u d L e s  3f 

s t r u c t u r e s  of impact, explosive , and volcar.ic o x g i n ;  laboratory s tadies  

311 t h e  behavior of rocks and minerals  subjected to shock; arid ,r t d y  of the 

chemical,  petrographic  and phys ica l  p rope r t i e s  of materials of pzssable  

luna r  o r i g i n  and t h e  development of s p e c i a l  techniques f o r  t h e i r  a n a l y s i s .  

- 

.-A - .  



P a r t  A :  Lunar and Plane tary  Inves t iga t ions  con ta ins  (with t h e  map 

supplement),  t he  pre l iminary  r e s u l t s  of d e t a i l e d  geologic  mapping on a 

1:1,000,000 s c a l e  of f i v e  new quadrangles i n  t h e  e q u a t o r i a l  b e l t  of t he  

Moon, Seve ra l  major s t r a t i g r a p h i c  u n i t s  i n  the  Imbrian and pre-Imbrian 

systems are descr ibed by the  authors  who have s tud ied  t h e s e  quadrangles ,  

Four papers  d i scuss  problems of o r i g i n  and evo lu t ion  of var ious  types  of 

c r a t e r s  and f e a t u r e s  a s soc ia t ed  wi th  the c r a t e r s  such a s  r i l l es  and r a y s .  

As a p a r t  of t he  lunar geologic  inves t iga t ions ,  d e t a i l e d  s t u d i e s  of t he  

i n f r a r e d  emission and r e f l e c t e d  v i s i b l e  r a d i a t i o n  from t h e  Moon a r e  i n  

progress ;  a d e s c r i p t i o n  of a systematic program of p h o t o e l e c t r i c  and photo- 

graphic  photometry and t h e  r e l a t i o n  of t h e  v i s i b l e  lunar  photometric 

func t ion  t o  t h e  i n f r a r e d  emission a r e  given i n  t h i s  r e p o r t .  

P a r t  B: Cra t e r  I n v e s t i g a t i o n s  contains  t h e  r e s u l t s  of f i e l d  and 

l abora to ry  s t u d i e s  of shock and c r a t e r  phenomenology. The e f f e c t  of 

shock on rock  m a t e r i a l s  forms the  subjec t  of four  r e p o r t s :  (1) t he  shock 

wave s y n t h e s i s  of s t i s h o v i t e ,  ( 2 )  the  phys ica l  p rope r t i e s  of shock-formed 

p lag ioc la se  from a me teo r i t e ,  (3) some c h a r a c t e r i s t i c s  of n a t u r a l  g l a s s e s  

and h igh  pressure  phases t h a t  s e rve  as evidence f o r  t h e i r  o r i g i n  by 

me teo r i t e  impact,  and ( 4 )  t he  e f f e c t  of shock on the  rad iogenic  argon 

content  of g r a n i t e .  One r e p o r t  concerns the  shock equat ion  of s t a t e  on 

two rocks from Meteor C r a t e r ,  Arizona. Two r e p o r t s  d e a l  wi th  experimental  

c r a t e r s :  one i s  concerned wi th  a f i e l d  s tudy  of c r a t e r s  formed by m i s s i l e  

vi 



impact and the  o the r  w i t h  a s tudy of c r a t e r s  formed i n  porous-cohesive 

t a r g e t s  by hyperveloci ty  p r o j e c t i l e s .  Work on t h r e e  n a t u r a l l y  formed 

craters i s r e p o r t e d .  This  includes a new topographic map of Meteor Crater, 

Arizona, made t o  se rve  as a base f o r  the geologic  work; a geologic  s tudy  

of a me teo r i t e  crater and a s soc ia t ed  rays of ejecta a t  Henbury, A u s t r a l i a ;  

and f i e l d  and l abora to ry  s t u d i e s  of t h e  Flynn Creek s t r u c t u r e ,  Tennessee. 

/ G = q  
P a r t  C :  Cosmic Chemistry and Petrology inc ludes  r e p o r t s  on aero-  

dynamic f e a t u r e s ,  geologic occurrences,  chemical composition and m e t a l l i c  

spherules  of t e k t i t e s ,  methods of chemical a n a l y s i s  of t e k t i t e s  and 

o the r  e x t r a t e r r e s t r i a l  material, and the luminescence of a c h o n d r i t i c  

m e t e o r i t e s .  A y f A c  

v i i  



A SPALIED AERODYNAMICALLY MODIFIED MOLDAVITE 

FROM SLAVICE, MORAVIA, CZECHOSLOVAKIA 

by E .  C, T o  Chao 

* 
Introduct ion 

During a v i s i t  t o  moldavite l o c a l i t i e s  i n  Bohemia and Moravia i n  

Czechoslovakia i n  March and A p r i l  of 1964, t h e  author  had t h e  oppor tun i ty  

of i n spec t ing  more than 15,000 moldavite specimens. 

t h i s  i n spec t ion  was  t o  uncover moldavites whiich show evidence of aero- 

dynamic a b l a t i o n  and rnoldavites which may con ta in  va r ious  types of i n -  

c l u s i o n s .  Most of t h e  specimens a r e  deposited a t  t h e  Nat ional  Museum 

i n  Prague; about 3,500 belong t o  the p r i v a t e  c o l l e c t i o n  of D r .  Jan 

Oswald of Cesk6 Budejovice and 500 t o  M r .  J o s i f  Prokopec of Ceske Krumlov. 

A s m a l l  number of moldavites inspected belong t o  t h e  Charles Un ive r s i ty  

and o t h e r  p r i v a t e  c o l l e c t o r s  I 

The main purpose of 

Y < 

The moldavites inspected have a wide v a r i e t y  of shapes.. Many are  of 

t ea rd rop  shape. 

curved p l a t e s ,  Dumbbell-shaped and core-shaped ones a r e  rare but have 

been observed. 

fragments,  mostly p l a t y  and some subrounded. 

t he  assortment and frequency of shapes of t h e  moldavites i s  t h a t  they 

are ve ry  s imi l a r  t o  those of Thailand and Indochina.  

A few are rod shaped and d i s c  shaped, and a few are 

A very l a r g e  fraction of t h e  specimens inspected a r e  

The s t r i k i n g  t h i n g  about 

1 



. 
Among t h e  l a rge  number of specimens inspected,  none shows d i r e c t  

evidence of aerodynamic a b l a t i o n .  The moldavite descr ibed i n  t h i s  paper 

i s  t h e  only specimen which shows i n d i r e c t  evidence of aerodynamic a b l a t i o n  

It i s  a l a r g e  teardrop-shaped moldavite c o l l e c t e d  by M r .  Jaromir Sofr  of 

TFebiE from a plowed f i e l d  i n  an a rea  of moldavite-bearing g rave l  adjoin-  

i ng  t h e  w e s t  s i d e  of t h e  v i l l a g e  Slavice i n  Moravia. It i s  greenish 

brown, t r a n s l u c e n t ,  measures 67 mm long, 33 mm wide, and 30 mm t h i c k  a t  

t h e  maximum c r o s s  s e c t i o n ,  perpendicular t o  t h e  long ax is ,  and weighs 

64,75  grams- Except near t he  t i p  of the t ea rd rop ,  which i s  s l i g h t l y  

chipped i n  two p laces ,  t h e  gross  teardrop shape i s  w e l l  preserved,  

Evidence of s p a l l i n g  and aerodynamic a b l a t i o n  

The p r o f i l e  i s  b e s t  observed with the specimen lying on i t s  s i d e  

( f i g .  l a ,  lower l e f t  and lower r i g h t ) .  The h igh ly  convex a n t e r i o r  

s i d e  ( f i g .  l a ,  upper l e f t ,  lower l e f t  and lower r i g h t )  i s  covered wi th  

both deep and shallow p i t s  of corrosive origin- I Local ly ,  t he  flow 

s t r u c t u r e  o r  s c h l i e r e n  i s  revealed in  and ac ross  t h e  p i t s .  The plano- 

convex p o s t e r i o r  s i d e  i s  r e l a t i v e l y  smooth ( f i g .  l a ,  upper r i g h t )  and 

w e l l  preserved, i n  s p i t e  of t he  f a c t  t h a t  crescent-shaped percussion marks 

a r e  l o c a l l y  p re sen t ,  i n d i c a t i n g  erosion during t r a n s p o r t  i n  running water,  

11 

- 11 See following page 
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. 
- 1/ F E. Suess (1900) described in detail the sculpture of moldavites 

and interpreted the various highly polished intricate patterns of pits 

and grooves on them as of aerodynamic origin. Although the detailed mode 

of formation of such sculptures is not clearly known in all cases, the 

author has observed identical sculptures in philippinites, indochinites, 

and Thailand tektites where the sculptures were formed subsequent to 

rounding of the specimen by transport in terrestrial water bodies. Similar 

intricate sculpture on moldavites examined by the author also has a late 

history, that is, the sculpture was formed after the tektite fell. It 

is considered to be of corrosion origin, in agreement with the independ- 

ent study of Professor Rudolf Rost of Charles University (oral communi- 

cation, April 1964) * 

3 
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The break in the curvature between the plano-convex posterior part and 

the strongly convex anterior portion (the keel) is indicative of spalling 

of the tektite, The keel is locally well preserved (fig. la, lower left), 

but elsewhere is not sharply defined, For comparison, an ablated and 

spalled large australite teardrop is shown (fig. lb). 

In australites, flaked cores, boats, dumbbells and flanged buttons 

show various stages of spalling as represented by specimens which par- 

tially retain the ablated front and side surfaces, These are known as 

"indicators" (Fenner, 1935; Baker, 1959)- Figure 2a shows an indicator 

of an australite button with most of the anterior portion spalled off, 

leaving a conspicuous keel. As shown by the ring waves on the remnant 

unspalled piece, it is clear that spalling of the aerothermal stress 

shell did take place. A complete spalling of this aerothermal stress 

shell formed by secondary reheating and aerodynamic ablation results in 

a core as shown in figure 2b. Similarly an indicator of a partly spalled 

dumbbell (fig, 3b) demonstrates how a spalled dumbbell-shaped australite 

(fig. 3a) was derived. The formation of a core as a result of the spal- 

ling off of the aerothermal stress layer of the anterior and girdle area 

of an ablated australite and other Australasian tektite specimens has 

been experimentally demonstrated in detail by Dean R ,  Chapman 8196rC), 

There is no uncertainty concerning the derivation of these spalled 

tektites, although the primary aerodynamic ablation evidence has been com- 

pletely removed I 

5 
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Figure 2.  
of an austral i te  (a)  from Charlotte Waters, N. T .  Australia.  Ring 
waves on the remnant unspalled portion are c lear ly  v i s i b l e .  
core with the aerothermal s h e l l  completely removed i s  shown on the 
right  (b) from Hampton H i l l s ,  KaIgoorlie, W .  Australia. 

Photograph showing the part ia l ly  spallcd "indicator" core 

A spallcd 
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Figure 3 .  
s h e l l  completely removed (a) from Hampton Hi l l s ,  Kalgoorlie, W .  Australia.  
An "indicator" dumbbell with remnant aerothenaal s t res s  s h e l l  i s  shown 
on the right  (b) ,  Hampton H i l l s ,  Kalgoorli., W. Aurtralia. 

Photograph showing a epalled dmbbell  with the aerothermal 

68 



It i s  concluded t h a t  t h e  spal led a u s t r a l i t e  t ea rd rop  Qfig l b )  and 

t h e  s p a l l e d  moldavite ( f i g .  l a )  were der ived i n  t h e  same manner, w i th  a 

h i s t o r y  of aerodynamic heat ing and ab la t ion .  

Discuss ion  

The l a rge  teardrop-shaped moldavite provides ,  i n  t h e  a u t h o r ' s  

opinion,  t h e  f i r s t  t a n g i b l e  evidence t h a t  moldavites s u f f e r e d  aero-  

dynamic heat ing and a b l a t i o n  of t h e  a n t e r i o r  f a c e  during a second per iod 

of mel t ing upon e n t r y  i n t o  t h e  E a r t h ' s  atmosphere. It must have en te red  

t h e  atmosphere as a cold g l a s s  body, probably a t  v e l o c i t i e s  g r e a t e r  t han  

5 ki lometers  per second. N o  a b l a t i o n  w i l l  occur on t e k t i t e s  w i th  e n t r y  

v e l o c i t y  less than  5 k i i o u e t e r s  p e r  second (Chapman and Larson, 19631, 

Chapman and Larson (1963, p.  4340-4342) have argued a g a i n s t  t h e  

t e r r e s t r i a l  impact o r i g i n  of a u s t r a l i t e s  from the  aerodynamics point  of  

view- They point  out  t h a t  i n  order  for molten blobs of fused e a r t h  t o  

f l y  unmolested by aerodynamic forces  a t  shallow e x i t  angles  as small a s  
- I  

12 degrees ,  a r e l a t i v e l y  high vacuumof less than 2 x 10 atmospheres 

must e x i s t  i n  an a rea  of 500 kilometers r a d i u s .  The l a rge  teardrop-  

shaped moldavite from S lav ice  of  Moravia w a s  aerodynamically heated and 

perhaps a b l a t e d ,  r equ i r ing  t h e  presence of t h e  atmosphere over t h e  Bohemian 

and Moravian t e k t i t e  s t r e w n f i e l d ,  less than 400 ki lometers  from t h e  R i e s  

C r a t e r  of  southern Germany. It i s  s t rong ly  i n d i c a t i v e  t h a t  moldavites 

could no t  have der ived from t h e  R i e s .  This  conclusion i s  c o n s i s t e n t  w i t h  

a 



. t h e  chemical evidence t h a t  rnoldavites a r e  not  r e l a t e d  t o  t h e  Ries g l a s s  

'Chao, 1963, p .  90) .  

This  note  i s  intended not  only t o  record t h i s  evidence i n  favor  of 

t he  cosmic o r i g i n  of rnoldavites, but a l so  t o  c a l l  t o  t h e  a t t e n t i o n  of 

p r i v a t e  c o l l e c t o r s  t h e  need of  searching f o r  b e t t e r  preserved moldavites 

i n  o r d e r  t h a t  more u s e f u l  aerodynamic information regarding t h e i r  place 

of o r i g i n  can be obtained,  
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SOME GEOLOGIC OCCURRENCES OF AUSTRALASIAN TEKTITES 

by E, G. I: Chao 

Introduction 

Many American investigators have visited the various tektite locali- 

ties of Southeast Asia and Australia within the past few years CH. H, 

Wininger, V Cassidy, E. P. Henderson, and V. E. Barnes), Except for the 

brief accounts by Barnes (1963), few have published geologic information 

concerning the occurrences of tektites. From late September to early 

December, 1962, the author visited several sites in the Philippines, the 

Dalat sites in SouthViet Nam, sites on the Korat (Khorat) Plateau of 

Northeast Thailand, the Sangiran Dome site in Java and the Port Campbell 

and Stanhope Bay sites in Victoria, Australia. The Sangiran Dome, the 

Port Campbell and Stanhope Bay sites were visited in the company of 

Chapman and Larsen of the Ames Research Center, In addition to the field 

investigations, several museum collections and private collections of 

tektites were studied, and specimens were obtained for petrographic and 

chemical work to be reported elsewhere, 

The purposes of  these visits were several: (1) to obtain first- 

hand information on the geologic occurrences and stratigraphic ages of 

tektites and to determine, if possible, whether the geologic ages of all 

tektites of this vast strewnfield are consistent with the possibility that 
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a l l  t he  t e k t i t e s  belong t o  t h e  same event;  (2) t o  i n v e s t i g a t e  poss ib l e  

p a r t i a l l y  fused m a t e r i a l  t h a t  might be a s s o c i a t e d  wi th  t e k t i t e s  and t h a t  

might be a c l u e  t o  a poss ib l e  t e r res t r ia l  o r i g i n  of t e k t i t e s  o the r  than 

by me teo r i t e  impact; (3) t o  i n v e s t i g a t e  t h e  poss ib l e  occurrence of 

me teo r i t e  craters which might be r e l a t e d  t o  t h e  present  d i s t r i b u t i o n  of  

t e k t i t e s ;  ( 4 )  t o  eva lua te  t h e  evidence f o r  e s t ima t ing  t h e  number of 

t e k t i t e s  t h a t  f e l l  i n  t h i s  s t r ewnf i e ld ;  (5) t o  c o l l e c t  t e k t i t e s  of known 

l o c a l i t i e s  f o r  d e t a i l e d  laboratory s t u d i e s ;  ( 6 )  t o  i n spec t  p r i v a t e  t ek -  

t i t e  c o l l e c t i o n s  and c o l l e c t i o n s  from various museums and i n s t i t u t e s  w i t h  

regard t o  t h e i r  range of shapes,  s cu lp tu res ,  phys i ca l  p r o p e r t i e s ,  and 

g l a s s  o r  metall ic inc lus ions .  Many of t h e s e  ob jec t ives  were s u c c e s s f u l l y  

o r  completely achieved. The r e s u l t s  obtained on t h e  geologic occur- 

rences are reported here .  Resu l t s  of l abora to ry  s t u d i e s  made on samples 

c o l l e c t e d  and obtained from t h i s  t r i p  w i l l  be r epor t ed  elsewhere,  

, 

Approximately 10 days were spent  i n  t h e  P h i l i p p i n e s ,  1 week i n  

South Viet Nam, 3 weeks i n  Thai land,  1 week i n  Java and 3 days i n  V i c t o r i a  

The r e p o r t  given he re  i s  the re fo re  of a reconnaissance n a t u r e  Observations 

were p r imar i ly  concerned with t h e  s t r a t i g r a p h i c  s e c t i o n s  i n  which t e k t i t e  

specimens occur ,  Emphasis w a s  placed on determining the  s t r a t i g r a p h i c  

p o s i t i o n  of t e k t i t e - b e a r i n g  beds and t h e i r  geographic d i s t r i b u t i o n ,  and 

on t h e  c o l l e c t i n g  of da t ab le  material such as f o s s i l s  and carbonaceous 

matter wherever poss ib l e .  Tn te rp re t a t ion  of t h e  l o c a l  geologic h i s t o r y  

from t h e s e  s e c t i o n s ,  p a r t i c u l a r l y  t h e  evo lu t ion  of t h e  s o i l  p r o f i l e  and 

11 (page 13 follows) 
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Figure 1. Index map of Manila region, Luzon, showing tektite sites. 
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subsequent processes  of l a t e r i z a t i o n ,  was a major and only p a r t i a l l y  

success fu l  t a s k .  

S i t e s  near  Manila and on Anda I s l and ,  Ph i l ipp ines  

The Kubao, Santa  Mesa, San Francisco d e l  Monte, Meddella-Celis, Pugad 

Babuy and t h e  new Or t igas  sites were v i s i t e d  i n  t h e  Manila a rea  ( f i g -  1)" 

Some of t hese  si tes were v i s i t e d  i n  the company of D r ,  Ot ley  Beyer, 

were v i s i t e d  i n  the  company of my colleague, Darwin Rossman. The g e n e r a l  

t e r r a i n  and var ious  s i t e s  near  Manila were a l s o  viewed from the  a i r  a t  

about 1000 f e e t .  Two days were spent on Anda I s l a n d ,  bu t  only p a r t s  of 

t he  i s l a n d  were covered. 

A l l  

The va r ious  t e k t i t e  si tes near  Manila and elsewhere i n  the  P h i l i p p i n e  

I s l a n d s  have been descr ibed by Beyer (1961-1962) i n  h i s  summary of more 

than 35 yea r s '  work on p h i l i p p i n i t e s .  

those w i t h i n  t h e  v i c i n i t y  of Manila, have been g r e a t l y  modified or  destroyed 

by the  cons t ruc t ion  of bu i ld ings ,  This i s  gene ra l ly  the  case wi th  t h e  

Kubao, t he  Santa  Mesa and t h e  San Francisco d e l  Monte s i t e s ,  There was 

l i t t l e  time dur ing  my v i s i t  e i t h e r  t o  c o l l e c t  t e k t i t e s  from t h e s e  s i t e s  

or  t o  observe s e c t i o n s  where the  t e k t i t e s  a r e  i n  p l ace .  

Many of t h e  s i t e s ,  p a r t i c u l a r l y  

The San Franc isco  d e l  Monte s i t e . - - T h i s  s i t e ,  which had been h igh ly  

d i s tu rbed  by cons t ruc t ion  of homes and roads ,  was descr ibed by Beyer (1961- 

1962, p .  94-95, v o l .  1) and Barnes (1963, p. 3 6 ) .  Barnes be l ieved  t h a t  
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the tektites might have come from a tuff in the stratigraphic section 

of the area. If so, then the minimum age of philippinites should be 

Pliocene, the recognized age of the tuff. Outcrops of the tuff with 

remains of fossil wood can still be observed behind dwellings. Artifi- 

cially flaked chips of tektites, together with chips of obsidian, were 

picked up along a path, The record is clear that no one has found tektites 

in situ in tuff, here or anywhere else in the Philippines, The site is 

definitely highly disturbed by human activities, both past and present, 

and it would be difficult to prove that tektites were embedded in tuff- 

The Ortigas site.--The Ortigas site is a new site discovered in the 

spring of 1962 when construction work on a drainage ditch began on the 

Mandaluyong estate owned by Rafael Ortigas, Jr, The site is about 2 

miles east of the city limits of Manila (fig. 1) on the east side of the 

intersection of highway 54 and Shaw Boulevard, It is an abandoned, ter- 

raced rice field situated on a gently sloping plain or terrace about 130 

feet above sea level and 80 to 100 feet higher than the present alluvial 

valley. The underlying rocks are nearly flat-lying tuffaceous sandstone, 

conglomerate, and pyroclastic rocks of the Guadalupe formation of 

Pliocene age, The tuffaceous sediments are unconformably overlain by a 

blanket of tektite-bearing alluvial terrace gravel up to 6 feet thick, 

A preliminary survey by Darwin Rossman in 1962 showed that the tek- 

tite-bearing gravel extends in a westerly to northwesterly direction, 

varying between 200 and 1000 feet in width. It is possible that the 
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t e k t i t e - b e a r i n g  g rave l  i s  connected with the  t ek t i t e -p roduc ing  a rea  of 

Santa  Mesa and f a r t h e r  t o  t h e  northwest wi th  the  Pugad Babuy t e k t i t e - p r o -  

ducing a r e a ,  

t he  s i t e  of an o ld  r i v e r  channel o r  the l o c a t i o n  of an old coas t  l i n e ,  

The l a s t  p o s s i b i l i t y  i s  not e n t i r e l y  u n l i k e l y ,  a s  t h e  g rave l s  and t e k t i t e s  

a r e  extremely w e l l  rounded, l i k e  beach g rave l s .  

This  g rave l  depos i t  may represent  an o ld  r i v e r  t e r r a c e ,  

The g rave l  depos i t  was exposed i n  t h e  drainage d i t c h ,  a s  w e l l  as i n  

a t r ench  and a p i t  dug by t h e  author  t o  s tudy  the  i n t e r n a l  r e l a t i o n s h i p s  

of t h e  g r a v e l .  It i s  t y p i c a l l y  r u s t  colored and i s  gene ra l ly  l e s s  than  

6 f e e t  t h i c k ,  The g rave l  c o n s i s t s  of round pebbles and cobbles of ande- 

s i t i c  rocks,  tuffaceous sandstones,  and s i l i c i f i e d  t u f f ,  ranging from 

white  t o  dark brown and pu rp l i sh  color  and up t o  5 inches i n  diameter .  

A few l a r g e ,  rounded cobbles of dark gray b a s a l t  a r e  a l s o  p re sen t .  Numer- 

ous manganese and i r o n  oxide nodules averaging about 1 /4  inch  i n  diameter 

occur i n  t h e  upper p a r t  of t h e  grave l ,  Local ly ,  t hese  nodules a r e  par- 

t i c u l a r l y  abundant near t he  sur face .  

g ray i sh  white  p l a s t i c  c l a y .  I n  some p laces ,  a layer  of pebbly c l a y  5 o r  

6 inches t h i c k  occurs on top  of t he  g rave l ,  probably a s  t h e  r e s u l t  of 

r i c e  c u l t i v a t i o n  i n  t h e  past . .  

seen  because of t h e  small th ickness  and poor exposures ,  

The mat r ix  of t he  g rave l  i s  g ray  t o  

S t r a t i f i c a t i o n  i n  t h e  g rave l  i s  not e a s i l y  

The p rec i se  age of t h e  t e r r a c e  grave l  i s  unknown. Because of t h e  h igh  

e l e v a t i o n  of t he  t e r r a c e  and the  prolonged weather ing requi red  f o r  t h e  i r o n  

and manganese oxide nodular l aye r s  t o  form, i t  i s  probably P le i s tocene  i n  
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age. It is almost certainly post-Pliocene, as it lies unconformably on 

a weathered surface of the Guadalupe formation of late Pliocene age, 

Numerous shallow pits were dug by local residents and members of the 

ditch construction crew to recover tektites. 

184 tektites were recovered from approximately 1 cubic yard of gravel ex- 

cavated in an undisturbed area at the site (figs, 2 and 3 ) .  The recovered 

tektites are mostly small and fragmental. Thirty-seven are rounded and 

pebble shaped" The largest is 1-1/2 inches in diameter (.fig" 3 ) .  The sur- 

faces of the well-rounded, pebble-shaped tektites are covered with 

crescent-shaped percussion marks. The large number of tektites here 

evidently has been the result of concentration by running water and does 

not reflect directly on the density of fall of the tektites. 

During the author's visit, 

The Meddela-Celis site.--At the Meddela-Celis site (fig. 1), along 

the east bank of a drainage canal, 3 rounded tektites were found embedded 

in a gravel deposit exposed along the stream. The gravel deposit, con- 

sisting mostly of light brown to white, subangular to rounded chert in a 

silty, sandy matrix is about 2 to 3 feet thick and occurs on both sides 

of a conduit through which the stream drains, The gravel lenses are 

younger than the underlying tuffaceous bed rock and are presently being 

actively reworked, The tektites were probably redeposited in the gravel 

lenses and are therefore somewhat older than the gravel. 
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Figure 2 .  The Ortigas s i t e ,  5 miles east  of Manila, i n  Mandaluyong, 
showing the terrace gravel from which abundant t ekt i t e s  w e r e  recovered. 
Yardstick indicates p i t  from which 184 t ekt i t e s  were obtained. 

Figure 3.  184 t e k t i t e s ,  mostly fragmental, some are well-rounded, 
recovered from dug p i t  shown i n  figure 2. 
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I h e  Pugad Babuy s i t e , - - I h i s  s i t e  i s  n o r t h  of Manila ( f i g .  1)" The 

name means p ig  farm, and the outcrop v i s i t e d  i s  located on a pig farm 

owned by Mrs. Virginia  West.. The outcrop was exposed along a bank r i s i n g  

10 t o  12 f e e t  above a r ice  paddy ( f i g .  4 ) ,  The lower p a r t  of  t h e  outcrop 

c o n s i s t s  of well-bedded massive gray t u f f  of t h e  Guadalupe formation, 

4 t o  6 f e e t  t h i c k ,  succeeded by thin-bedded t u f f ,  which i s  o v e r l a i n  i n  

t u r n  by about 4 f e e t  of g ray  p las t ic  c l ay ,  Above t h i s  i s  a l aye r  1 t o  3 

f e e t  t h i c k  c o n s i s t i n g  of r u s t y  colored g rave l  composed e s s e n t i a l l y  o f  

s i l i c i f i e d  t u f f  and c h e r t  w i t h  some iron oxide nodules,  Above t h i s  g r a v e l  

i s  a l aye r  of p i s o l i t i c  manganese and i r o n  oxide nodules 1 f o o t  t h i c k  

Three well-rounded t e k t i t e s  were found i n  s i t u  i n  the  g r a v e l  layer  ( f i g .  

5 ) .  The t e k t i t e - b e a r i n g  s e c t i o n  is  nearly i d e n t i c a l  t o  t h a t  observed 

a t  t h e  Or t igas  s i t e .  

The Macandocandong and Auile s i t e s  of Anda I s l a n d  .--Tektites have 

been reported and descr ibed a s  t h e  Anda type from Cabarruyan I s l a n d  {a l so  

known as Anda I s l a n d  by t h e  n a t i v e s )  of t h e  no r the rn  Pangasinan province 

of Luzon about 150 miles  northwest of Manila (Koenigswald, 1957, p.  372- 

373;  Barnes, 1963). Koenigswald 1957) mentioned t h e  f ind ing  of remains 

of Stegodon and of s p e c i a l i z e d  Elephas of  Upper Middle P le i s tocene  w i t h  

t h e  Anda type t e k t i t e s .  Barnes f1963),however, has pointed out t h a t  

n e i t h e r  t h e  t e k t i t e s  nor t h e  f o s s i l s  were found i n  s i t u .  

Seve ra l  villages--Macandocandong, S a b l i g ,  Au i l e ,  Namagbegan, 

Analateng, Berio,  and Baranoy of San Jose and Anda on Anda Island--were 

v i s i t e d  i n  t h e  company of Jose  Santiago of t he  P h i l i p p i n e  Bureau of Mines 
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Figure 4 .  Cross s e c t i o n  a t  Pugad Babuy showing approximately 2 f e e t  
of t e r r a c e  g rave l  overlying about 4 f e e t  of gray c l a y  above bedded 
t u f f  of t h e  Pliocene Guadalupe formation. Hammer po in t s  t o  the  loca- 
t i o n  of a t e k t i t e  which i s  i n  s i t u  i n  t h e  g rave l .  
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and Eusibio de Castro of Anda, Mr. de Castro is most familiar with the 

tektite localities on this island and had acted as guide to previous in- 

vestigators, Many fragmental tektites were found in chocolate-brown soil 

overlying limestone west of Sablig and near Macandocandong. Near 

Macandocandong, trenches were dug to recover tektites and to study the 

stratigraphic section, The best exposed section is located near Auile 

near the highest point on the island. Auile is approximately midway be- 

tween Anda, 1.6 miles to the northwest, and Macandocandong, 1.5 miles 

to the southeast. Both Auile and Macandocandong are about a mile inland 

from the southwestern coast of the island. 

Anda Island rises about 25 to 30 meters (80 to 100 feet) above sea 

level, At the base of the stratigraphic section there is a nearly flat- 

lying cross-bedded sandy siltstone. At Macandocandong, the sandy silt- 

stone is overlain by a bed, up to six feet thick,composed of nodular or 

knobby limestone. The limestone is overlain, in turn, by several inches 

of chocolate-brown silty to clayey soil with scattered small manganese 

nodules, Thirty-seven tektites were collected on the surface of a plowed 

field here within an hour, Nearly twice this amount was recovered from 

several shallow trenches. One trench, 60 feet long, was dug in the 

plowed field down to the knobby limestone bed rock. One ant hill in this 

area also was excavated, as previous reports have mentioned tektite finds 

of Anda in ant hills (Beyer, 1961-1962)' No tektites were uncovered in 

the ant hill, Several pits were dug into the underlying knobby limestone 
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i n  a n  at tempt  t o  f i n d  t e k t i t e s  i n  i t ,  with negat ive r e s u l t s ,  A l l  of t h e  

t e k t i t e s  recovered l i e  w i t h i n  t h e  chocolate-brown s o i l  l a y e r ,  It was 

est imated t h a t  t h e  t e k t i t e  abundance i s  approximately one t e k t i t e  per 

square meter, The lack of  percussion marks on the  Anda t e k t i t e s  suggest 

t h a t  t h e s e  t e k t i t e s  have not  been t ransported f a r  by running water .  

A b e t t e r  exposed s e c t i o n  than t h a t  a t  Macandocandong w a s  located 

about 1/2 m i l e  east  of Auile along the n o r t h  s i d e  of t he  road ( f i g "  61, 

A t  t h e  base of t h e  exposed s e c t i o n  i s  a nodular o r  knobby limestone, 

which he re  i s  only a few f e e t  t h i c k ,  This appears t o  be t h e  same knobby 

limestone layer  observed a t  Macandocandong. About 20 inches of brownish 

colored c l a y  wi th  abundant i r r e g u l a r  whit ish-gray limestone nodules and 

l a y e r s  of l a rge  o y s t e r  s h e l l s  o v e r l i e s  t h e  g ray i sh  c l a y ,  The s u r f a c e  

l aye r  c o n s i s t s  of about 20 inches of chocolate-brown s i l t y  c l a y  con- 

t a i n i n g  p i s o l i t i c  manganese and i r o n  oxide nodules.  The knobby limestone 

i s  o v e r l a i n  by g ray i sh  c l a y  w i t h  large,  s c a t t e r e d  limestone conc re t ions ,  

According t o  Eusibio de Castro,  t e k t i t e s  are found only i n  t h e  chocolate-  

brown layer  i n  t h e  upper p a r t  of the s e c t i o n ,  The o y s t e r  s h e l l s  were 

c o l l e c t e d  and i d e n t i f i e d  as Middle Pleis tocene i n  age by p a l e o n t o l o g i s t s  

of t h e  Ph i l ipp ine  Bureau of Mines (Darwin Rossman, o r a l  communication) 

rhe information obtained from Macandocandong and from Auile  suggests  

t h a t  t he  Anda t e k t i t e s  a r e  probably post-Middle P le i s tocene  i n  age.  They 

occur on an e r o s i o n a l  su r f ace  underlain by Middle P le i s tocene  ca l ca reous  

sediments. 
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Figure 5 .  
g r a v e l  shown i n  f i g u r e  4 near t h e  point of t he  hammer. 

Photograph showing a round t e k t i t e  occurring i n  s i t u  i n  t h e  

Figure 6 .  Geologic c ros s  sec t ion  0.5 m i l e  east of t h e  Auile  v i l l a g e  
on Anda I s l a n d ,  Pangasinan Province, P . I .  T e k t i t e s  of t he  Anda type 
were reported t o  occur i n  the chocolate-brown s o i l  layer  above t h e  
calcareous bed, which contains  numerous Middle P le i s tocene  pelecypod 
f o s s i l s .  
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The s i m i l a r i t y  of t he  geologica l  occurrences of a l l  t e k t i t e s  i n  the  

Manila a r e a  and on Cabarruyan I s l a n d ,  descr ibed above, suggest t h a t  t he  

p h i l i p p i n i t e s  a r e  probably post-Middle P le i s tocene  age ,  Their  abso lu t e  

age i s  snore d i f f i c u l t  t o  determine,  A t  t h e  Or t igas  s i t e ,  t he  Pugad Babuy 

s i t e  and t h e  Auile  s i t e  t he  t e k t i t e s  occur below the  p i s o l i t i c  manganese 

and i r o n  oxide layer  Many of t h e  t e k t i t e s  recovered show abundant f i l -  

l i n g  of  i r o n  oxide i n  v e s i c l e s  and deep grooves,  Contrary t o  Barnes '  

conc lus ion  (1963, p .  381, t h e  p h i l i p p i n i t e s  a r e  d e f i n i t e l y  o lde r  than the  

major per iod of l a t e r i t i z a t i o n  of these s i t e s .  It has been suggested 

t h a t  formation of manganese and i r o n  oxide by l a t e r i t i z a t i o n  r e q u i r e s  

perhaps a s  much a s  s e v e r a l  thousand years (Sivarajasingham and o t h e r s ,  

19621.. I f  so,  t he  minimum age of p h i l i p p i n i t e s  must be more than  a few 

thousand years .  

which i s  now 80 t o  100 f e e t  above t h e  present  a l l u v i a l  v a l l e y ,  

of t he  t e r r a c e ,  o r  t h e  per iod of u p l i f t  o r  change of sea l e v e l ,  i s  

unknown 

The t e k t i t e s  i n  t h e  Manila a rea  occur i n  a t e r r a c e  ;ravel 

The age 

The Dalat  s i t e s  of South Vie t  Nam 

The occurrences of Indochina t e k t i t e s  have been descr ibed by Lacroix 

61935), Saur in  (1935, 1944) and Saurin and Mi l l ies -Lacro ix  (1961) The 

Dalat si tes were v i s i t e d  by t h e  author i n  the  company of Prof Edmond 

Saur in  and Franz Rathman, T e k t i t e  l o c a l i t i e s  v i s i t e d  a r e  shown on f i g u r e  7 
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Da l a  t i s  

and wes t ,  and 

under la in  by Hercynian b i o t i t e  g r a n i t e  t o  the  southwest 

by mica s c h i s t  of t he  Dalat s e r i e s  of presumed Cambrian t o  

S i l u r i a n  age t o  the  e a s t  and nor theas t  (Saurin,  1944)- A small a rea  of 

b a s a l t  a mile o r  so  i n  i t s  longest  dimension occurs near  t h e  Cam Ly a i r -  

s t r i p .  This  b a s a l t  unconformably ove r l i e s  t he  b i o t i t e  g r a n i t e  and i s  

be l ieved  t o  be of P le i s tocene  age (Saurin, 1944). 

Many t e k t i t e  specimens were observed i n  s i t u  i n  Da la t -  One of t h e  

b e s t  exposures w a s  i n  a 30-inch deep d i t c h  a t  s i te 1 (figs, 1, 8, and 9 ) ,  

A s o i l  l aye r  a t  t h i s  l o c a l i t y ,  about 18 t o  20 inches t h i c k ,  c o n s i s t s  of 

chocolate-brownish gray s i l t .  It ove r l i e s  a few inches t o  a f o o t  of 

subrounded g rave l .  The grave l  i s  succeeded downward by deeply weathered, 

yel lowish-pink mica s c h i s t  of the Dalat series, Near the  t o p  of t h e  

g r a v e l l y  l aye r ,  fragments of carbonaceous matter  up t o  an inch  long occur 

i n  small  lenses  ( f i g .  8 ) ,  The g rave l ly  bed c o n s i s t s  of subrounded 

pebbles of ve in  qua r t z ,  quartz-tourmaline rocks,  and i r o n  oxide nodules ,  

The pebbles of ve in  quar tz  and quartz-tourmaline rocks ,  according t o  

Professor  Saur in ,  a r e  der ived from veins c r o s s - c u t t i n g  the  mica s c h i s t .  

Severa l  t e k t i t e s  were found i n  t h i s  g rave l ly  l a y e r ,  one of which i s  shown 

i n  f i g u r e  9 near t he  hammer head. 

The carbonaceous mat te r  co l l ec t ed  from above t h e  t e k t i t e s  was analyzed 

by t h e  (1-14 labora tory  of the  U . S .  Geological Survey and was found t o  be 

1850 f 300 years  o l d ,  This i s  the  minimum age of t he  i n d o c h i n i t e s ,  The 

g r a v e l l y  bed may have formed an e ros iona l  su r f ace  on which t h e  t e k t i t e s  
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Figure 8 .  Geologic c r o s s  s e c t i o n  exposed i n  a 30-inch deep d i t c h  a t  
t h e  r e a c t o r  s i te  (IDC-l-62), Dalat ,  South V i e t  Nam. 
about 18 t o  20 inches c o n s i s t s  of chocolate-brownish gray s i l t  over-  
ly ing  a g rave l  layer  about 1 2  inches t h i c k  containing i r o n  oxide 
nodules ,  and sub-rounded ve in  quartz ,  and tommaline quar tz  gravel .  
Yellowish-pink, weathered, micaceous s o i l  of t he  Dalat  Ser ies  under- 
l ies  the  stony layer .  
l aye r  where fragments of carbonaceous mat te r  w e r e  co l l ec t ed .  

The t o p  l aye r  

Hammer points  t o  top  sur face  of t he  g rave l  

Figure 9. 
f e e t  t o  t he  r i g h t  of previous photograph. 
occurr ing i n  s i t u  about 4 inches below the  top  su r face  of t h e  g rave l  
layer .  

Photograph of t he  same d i t c h  shown i n  f i g u r e  8 about 20 
Hammer poin ts  t o  a t e k t i t e  
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f e l l .  

cannot be determined. 

How much o lder  than t h e  carbonaceous matter  t he  t e k t i t e s  may be 

Various types of s o i l  occur i n  the Dalat  a r ea  i n  a d d i t i o n  t o  t h a t  

a t  s i t e  1, 

7 ) >  

of chocolate-brown s o i l  w i th  organic  matter (A zone) o v e r l i e s  about 12 

inches of brownish-red t o  red s i l t y  c l a y  (B zone) ,  A discont inuous s tony 

layer  occurs near  t he  base of t h e  B zone where t h e  s o i l  grades i n t o  

ye l lowish ,  mot t led ,  micaceous s i l t  composed of deeply weathered s c h i s t  of 

t he  Dalat  series ( f i g .  10).  A small t e k t i t e  was found i n  s i t u  a few inches 

below t h e  s tony  horizon.  

A s t r i k i n g l y  zoned s o i l  was observed a t  s i t e s  6 and 9 ( f i g .  

A t  t h e  south  end of Ho Than Tho or Lac des  Soupiers  ( s i t e  9)  6 inches 

A s impler  s o i l  p r o f i l e  w a s  observed a t  s i t e  7 ( f i g .  7) over ly ing  deeply 

weathered s a p r o l i t i c  g r a n i t e  gne i s s .  

a few inches t o  a f o o t  t h i c k  i s  present he re .  T e k t i t e s  aga in  were found 

i n  s i t u  i n  t h e  upper p a r t  of t h e  s a p r o l i t e  ( f i g .  11). 

An A zone of chocolate-brown only 

T e k t i t e s  were a l s o  found i n  s o i l s  on t h e  Quaternary b a s a l t  a t  t he  

e a s t e r n  end of t h e  Gam Ly a i r s t r i p  ( s i t e  3 ,  f i g .  7). This  i n d i c a t e s  t h a t  

t h e  t e k t i t e s  of t h e  Dalat a rea  a r e  younger than t h e  Quaternary(?)  basa l t . .  

Nearly 2000 t e k t i t e s  were co l l ec t ed  a t  Da la t .  S i t e s  1 and 11, the  San 

Van Dong s i t e  (S t ,  Benoi t ) ,  y ie lded  the most specimens. Both s i t e s  were be- 

ing bulldozed a t  t he  t i m e  of t he  v i s i t .  

been broken f o r  some time, a s  shown by e t ch ing  of t h e  broken s u r f a c e s ,  Many 

Most specimens are fragmental  and had 
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Figure 11. Geologic c ros s  sect ion along a road cut 0.7  m i l e  WIW of 
t h e  r e a c t o r  s i t e ,  Dalat, showing the s a p r o l i t e  of deeply weathered 
g r a n i t e  gneiss  of t he  Dalat Series underlying 6 inches t o  a f o o t  of 
chocolate-brown s o i l .  Hammer points t o  a t e k t i t e  (black)  occurr ing 
i n  the  s a p r o l i t e  o r  C Zone of the s o i l  p r o f i l e .  
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specimens are  of tear-drop,  rod o r  dumbbell shape. Lack of c re scen t -  

shaped percussion marks i n d i c a t e s  t h a t  they have not  been t r anspor t ed  

by running water f o r  any appreciable  d i s t ance .  A rough maximum estimate 

of t h e  l o c a l  abundance of t e k t i t e s  based on t h e  number of specimens 

c o l l e c t e d  a t  s i t e  1 i s  1 t e k t i t e  per square f o o t .  A s  t h e  ma jo r i ty  of 

t h e  specimens are  fragments, t he  number of t e k t i t e s  should perhaps be 

reduced by a f a c t o r  of 3 ,  The a r e a l  densi ty  i s  c e r t a i n l y  higher than 

t h a t  of t h e  Macandocandong s i t e  of Anda, i n  t h e  P h i l i p p i n e s .  

Sau r in  (1944) has observed t h a t  indochini tes  occur on a g r a v e l  

t e r r a c e  50 meters above t h e  bed of the Song-Ba r i v e r ,  4.3 m i l e s  east of 

Boun-Thanh on t h e  M'Drack P la t eau  of eas t e rn  Cambodia. He a l s o  found 

t e k t i t e s  i n  s i l i c e o u s  g rave l  on a small p l a i n  of o l d  alluvium 1 , 2  miles 

sou theas t  of Boun-Dlo, a t  t h e  northern border of t h e  South AM= Massif.  

According t o  Saur in ,  t h e  indoch in i t e s  a r e  a s soc ia t ed  w i t h  e a r l y  Quater- 

nary alluvium o r  w i t h  red s o i l  on b a s a l t  which may be of t he  same age ,  

The geologic  age of i n d o c h i n i t e s ,  on the b a s i s  of observat ion i n  t h e  

Dalat  area,  cannot be younger than about 2000 years  o r  o lde r  than t h e  

Quarternary(?)  b a s a l t ,  This range of poss ib l e  age overlaps t h a t  f o r  t h e  

p h i l i p p i n i t e s ,  

S i t e s  on the  Korat Plateau,  Northeast  Thailand 

The author  v i s i t e d  t h e  Korat Plateau f o r  two weeks i n  t h e  company 

of M r .  Amorn and a mechanic and d r ive r  of t h e  Thai Royal Department of 
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Mines, Barnes 41961, 1963; Barnes and Pi takpaivan,  1962) had previously 

v i s i t e d  var ious p a r t s  of t he  Korat Plateau and b r i e f l y  descr ibed t h e  s i t e s  

near  Phang Doeng and Non Sapong. T e k t i t e s  a r e  so widespread i n  t h i s  p a r t  

of Thailand t h a t ,  excluding the  areas of r ice  paddies and dense v e g e t a t i o n ,  

t hey  can gene ra l ly  be found as f l o a t  everywhere, p a r t i c u l a r l y  i n  a r e a s  

where la ter i tes  are w e l l  developed. The underlying rocks are a series of 

non-marine red beds t h a t  include sandstone, conglomeratic sandstone,  con- 

glomerate ,  and sha le  of t he  Korat (Khorat) s e r i e s  assigned t o  t h e  T r i a s s i c  

and i n  p a r t  t o  t he  J u r a s s i c  lLaMoreaw and o t h e r s ,  1959). The Korat 

series comprises t h r e e  formations according t o  LaMoreaux and o t h e r s ,  

From base t o  top  t h e s e  a r e  t h e  Phu Kadung formation, 400 t o  480 meters 

t h i c k ,  composed of va r i ega ted  s h a l e  and interbedded akosic  sandstone; 

t h e  Phra Wihan formation, 450 t o  500 meters t h i c k ,  composed of gray,  green 

and t a n ,  cross-bedded sandstone; and t h e  Phu Phan formation, about 300 

meters t h i c k ,  composed of white  t o  tan conglomeratic sandstone,  Poorly 

cemented t o  medium-well cemented concretionary l a t e r i t e  and ha rd -c rus t  

l a t e r i t e  o v e r l i e  t h e  bedrock i n  discontinuous but widespread occurrences” 

Most of t h e  known t e k t i t e  l o c a l i t i e s  of Thailand ( f i g .  12) are based 

on information suppl ied by t h e  Royal Department of Mines, and some have 

been descr ibed by Barnes (1963), L o c a l i t i e s  where t e k t i t e s  have been 

c o l l e c t e d  during t h e  au tho r ‘ s  t r i p  a r e  shown by sepa ra t e  symbol, Where 

samples were found i n  s i t u ,  a s o l i d  symbol i s  used, The loca t ions  shown 

a r e  not  intended t o  i n d i c a t e  new d i scove r i e s ,  as t e k t i t e s  are s o  widespread 
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Figure 12. Map of Thailand showing kwwn tektite localitice. 
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t h a t  p a r t  of t h e  map would be f i l l e d  with symbols, 

l o c a l i t i e s  could probably be added i n  another week's work j u s t  by t r a v e l -  

ing d i f f e r e n t  roads., The symbols a r e  shown merely f o r  convenience of 

r e fe rence  f o r  l oca t ions  of samples  and f o r  t h e  s t r a t i g r a p h i c  s e c t i o n s  t o  

be descr ibed 

Another t h i r t y  o r  so 

L o c a l i t y  1, t h e  Mo Din Dang sand and g rave l  p i t  i n  which a curved 

t e k t i t e  w a s  found i n  s i t u ,  i s  located on an upland su r face  a t  a n  e l e v a t i o n  

of about 175 meters above sea l e v e l ,  2 . 8  m i l e s  n o r t h  of Khon Kaen. The 

p i t  i s  about 500 f e e t  w e s t  of t h e  highway between Khon Kaen and vdon 

'It i s  excavated i n  purpl ish-red t o  r e d ,  f l a t - l y i n g ,  w e l l  s t r a t i f i e d  sand 

and g r a v e l  of poss ib l e  Quaternary age which o v e r l i e s  yellowish pale  brown 

sandstone i n  t h e  upper .par t  of t h e  Korat series, The sandstone i s  no t  

exposed i n  t h e  p i t ,  Red, medium to coarse sand about 5 t o  10 f e e t  t h i c k  

occurs a t  t h e  bottom of the  p i t ,  This sand i s  o v e r l a i n  by 10 t o  15 f e e t  

of g r a v e l ,  

meter ,  composed predominantly of quartz ,  and whit ish-gray c h e r t  and sub- 

o r d i n a t e l y  of black and red c h e r t ,  i n  a red sand matr ix .  The g rave l  i s  

The g rave l  c o n s i s t s  of pebbles, 114 t o  2-112 inches i n  d i a -  

o v e r l a i n  by 1 t o  3 f e e t  of loose sandy s o i l  w i t h  ve ry  spa r se  pebbles ,  A 

layer  of well-cemented l a t e r i t e  cons i s t ing  e s s e n t i a l l y  of c l ayey  s i l t  

and i r o n  oxide occurs i n  t h e  lower par t  of t h e  sandy s o i l  d i r e c t l y  above 

t h e  g r a v e l ,  Small angular  fragments of milky qua r t z  a l s o  occur i n  t h e  

s o i l  The curved t e k t i t e  was found i n  t h e  hard l a te r i te ,  where it i s  

exposed i n  t h e  east  w a l l  of t h e  p i t  ( f i g s .  13 and 14).  The t e k t i t e  i s  
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Figure 13. Photograph showing a port ion of t h e  east  w a l l  of t h e  Mo 
Din Dang g rave l  p i t  located 2.8 m i l e s  no r th  of Khon Kaen (TC-1-62), 
Thailand. 
s o i l  and 1 foo t  of hard c r u s t  l a t e r i t e  which protrudes s l i g h t l y  from 
the  w a l l .  The l a t e r i t e  o v e r l i e s  10 t o  15 f e e t  of s t r a t i f i e d  
P le i s tocene  (?).  Hammer points  t o  a curved t h i a l a n d i t e  occurring i n  
s i t u  i n  t h e  hard c r u s t  la ter i te .  

Hammer marks the boundary between t h e  loose s u r f i c i a l  sandy 
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e v i d e n t l y  younger than t h e  Quaternary(?)  g rave l  and o lde r  than  t h e  l a t e r i t e  

Poss ib ly  the  youngest formation on which t e k t i t e s  were found i n  

Thailand i s  t h e  Mukdahan grave l  a t  Ban Nong Aek ( l o c a l i t y  10; f i g  1 2 )  A 

s e c t i o n  of t h i s  g r a v e l  s eve ra l  f e e t  t h i ck  i s  exposed i n  a p i t  on the  e a s t  

s i d e  of t h e  highway between Mukdahan and Nakhon Phanom, 

a b u t  150 meters above sea l e v e l  and about 20 meters o r  65 f e e t  above t h e  

Mekong R ive r ,  The g rave l  c o n s i s t s  la rge ly  of well-rounded milky qua r t z  

pebbles ,  1/2 t o  2 inches i n  diameter ,  and a l s o  some gneiss  and q u a r t z i t e  

pebbles ,  Concretionary la ter i te  10 to  30 inches t h i c k  o v e r l i e s  t h e  

qua r t z  g r a v e l .  

oxide nodules and subangular qua r t z  pebbles, i n  t u r n ,  o v e r l i e s  t he  l a t e r i t e  

One p l a t y  t e k t i t e  was found embedded i n  the  upper p a r t  of t h e  concre t ion-  

a r y  la ter i te  layer., The qua r t z  grave l  i s  be l ieved  t o  have been der ived  

by weather ing from conglomerates of the  Korat sleries, The age of t he  

g r a v e l  i s  bel ieved t o  be Quaternaryo A s  t h e  Quaternary geologic  h i s t o r y  

of t he  Korat P l a t eau  has yet  t o  be s tud ied ,  it i s  no t  poss ib l e  t o  demon- 

s t r a t e  t he  r e l a t i v e  ages of t h e  Mukdahan qua r t z  g rave l  and t h a t  found 

a t  Mo Din Dang 

I 

The l o c a l i t y  i s  

About 20 inches of grayish-white sand wi th  a few i r o n  

Many t h a i l a n d i t e s  a r e  found i n  s i t u  i n  l a t e r i t i c  s o i l s  w i d e l y  de- 

veloped i n  a reas  under la in  by sandstone and sha le  of t h e  Korat s e r i e s ,  

The l a t e r i t i c  s o i l s  a r e  found both i n  a r e a s  of t he  f l a t  upland s u r f a c e ,  

a s  t h e  l o c a l i t i e s  near Ban Nong Kong ( l o c a l i t y  21, Ban Pak Dong ( l o c a l i t y  

4 ) ,  Ban Phon Thong ( l o c a l i t y  5 ) ,  Ban Tong ( l o c a l i t y  61, Ban Pong 
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( l o c a l i t i e s  7 and 8), Ban Nong Suai  Lai ( l o c a l i t y  9 1 ,  and Ban Kusuman 

( l o c a l i t y  201, and on h i l l s  r i s i n g  above the  upland su r face  a s  l o c a l i t y  

11, about 10 5 miles  southwest of Sakon Nakhon. 

A well-exposed l a t e r i t i c  s o i l  can be seen i n  a roads ide  p i t  about 

1 mile  n o r t h  of Ban Nong Kong ( l o c a l i t y  2 ,  f i g .  15).  The top  zone of 

t he  s o i l  i s  about 14 inches t h i c k  and is composed of yellow, s i l t y  sand 

wi th  s c a t t e r e d ,  smal l ,  i r o n  oxide nodules, Tree r o o t s  extend down t o  the  

bottom of t h i s  zone. It i s  unde r l a in  by 30 t o  40 inches of medium-well 

cemented concre t ionary  l a t e r i t e  No pebbles a r e  present  i n  t h e  l a t e r i t e  

Highly i r r e g u l a r  o r  concre t ionary  fragments of t h e  sandstone bedrock of  

t he  Korat s e r i e s  unde r l i e  t h e  concre t ionary  l a t e r i t e ,  A t e k t i t e  about 

2 inches long was embedded i n  t h e  concret ionary l a t e r i t e  ( f i g .  16:) 14 

inches below t h e  upper con tac t  of the la ter i te  l a y e r .  Because t h e  t e k -  

t i t e  i s  the  only  coarse  fragment i n  t h i s  l aye r ,  it i s  bel ieved t h a t  i t s  

p o s i t i o n  r ep resen t s  approximately i t s  s i t e  of f a l l  without much t r a n s -  

p o r t a t i o n  by running water .  The f a l l  of t h i s  t e k t i t e  c l e a r l y  preda tes  

the  per iod of l a t e r i t i z a t i o n ,  A t  t h i s  l o c a l i t y  t h e  a r e a l  d e n s i t y  of 

t he  t e k t i t e s  i s  probably 1 per many square meters .  

Another t e k t i t e  was observed i n  s i t u  i n  a d i t c h  ( f i g .  1 7 )  about 0 .6  

mile  no r th  of Ban Kusuman ( l o c a l i t y  20). Here pea-sized nodules i n  the  

l a t e r i t i c  l aye r  occur i n  a c layey  matrix t h a t  extends almost t o  the  s u r -  

f a c e ,  This  l a t e r i t i c  layer  i s  about 40 inches t h i c k ,  i s  brown, and r e s t s  
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Figure 13. Photograph showing a port ion of t h e  east  w a l l  of t h e  Mo 
Din Dang g rave l  p i t  located 2.8 m i l e s  no r th  of Khon Kaen (TC-1-62), 
Thailand. 
s o i l  and 1 foo t  of hard c r u s t  l a t e r i t e  which protrudes s l i g h t l y  from 
the  w a l l .  The l a t e r i t e  o v e r l i e s  10 t o  15 f e e t  of s t r a t i f i e d  
P le i s tocene  (?).  Hammer points  t o  a curved t h i a l a n d i t e  occurring i n  
s i t u  i n  t h e  hard c r u s t  la ter i te .  

Hammer marks the boundary between t h e  loose s u r f i c i a l  sandy 
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Figure 16. 
15, showing a t e k t i t e  i n  s i t u  i n  the  concret ionary l a t e r i t e  layer  
( t e k t i t e  i s  near t h e  point of the hammer). 
fragment i n  t h e  sec t ion .  
i r o n  oxide. TC-2-62. 

Cross sec t ion  15 f e e t  t o  the  r i g h t  of l o c a l i t y  of f i g u r e  

The t e k t i t e  i s  the  c o a r s e s t  
The concretions c o n s i s t  of sand cemented by 
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Figure 17. Cross s e c t i o n  of t he  west bank of a d i t c h  0 .6  m i l e  no r th  
of Kusuman, Thialand (TC-20-62), showing the  occurrence of a small, 
disc-shaped t e k t i t e  w i th in  the  concretionary l a t e r i t i c  zone of t he  
p r o f i l e  ( t e k t i t e  i s  near the  point  of t he  hammer). The l a t e r i t i c  zone 
i s  about 40 inches th ick .  
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on gray,  p l a s t i c  c l a y  der ived fromweathered s h a l e  of t h e  underlying Korat 

ser ies  

Similar  s o i l  p r o f i l e s  i n  which t e k t i t e s  were observed i n  s i t u  a r e  

exposed near  Ban Tong P loca l i t y  7, f i g *  18) and near  Ban Nong Suai Lai 

( l o c a l i t y  8, f i g s  19 and 20) .  A t  both of t hese  l o c a l i t i e s ,  conc re t iona ry  

l a t e r i t e  occurs about 20 inches below the  su r face ,  beneath a sandy upper 

s o i l  zone, S i x  t e k t i t e s  were found in  s i t u  i n  t h e  Ban Nong Suai L a i  

a r e a  a lone .  They were i n  t h e  upper part of t h e  l a t e r i t e  a few inches 

below t h e  t o p  of t h e  l a t e r i t i c  l a y e r ,  

Massive o r  lumpy t h a i l a n d i t e s  known a s  t h e  Muong Nong type were a l s o  

c o l l e c t e d  from s e v e r a l  l o c a l i t i e s ,  one of which i s  i n  t h e  c e n t r a l  p a r t  

of a s t r u c t u r a l  dome n o r t h  of Kuchinarai a t  Ban N a  Khu ( l o c a l i t y  13 ) ,  

There t h e y  were found embedded i n  white sand formed by weathering of  

underlying sandstone of t h e  Korat s ie r ies .  Laterites do not occur on t h e  

Korat series i n  t h i s  area,  

The geologic occurrences of t h a i l a n d i t e s  descr ibed above are s i m i -  

lar  t o  those a t  Nong Sapong ( l o c a l i t y  4 0 )  and Phang Daeng (Ban Pung Dang 

l o c a l i t y  L c l )  b r i e f l y  mentioned by Barnes, except t h a t  t h e  s i zeso f  t h e  

t e k t i t e s  from these  l a t t e r  l o c a l i t i e s  are much l a r g e r ,  

The t e k t i t e s  observed i n  the l a t e r i t i c  s o i l s  are o l d e r  t han  t h e  en- 

c l o s i n g  l a t e r i t e ,  Once emplaced they l a y  buried i n  a mechanically un- 

d i s tu rbed  s o i l ,  Both t h e  g rave l  of Mo Din Dang, which o v e r l i e s  sandstone,  

and t h e  Mukdahan qua r t z  g rave l  of Ban Nong Aek, which o v e r l i e s  conglomera- 

t i c  sandstone, are un re l a t ed  i n  gross chemical composition w i t h  t h e  t e k t i t e s  
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Figure 20. Cross s e c t i o n  of bank of a shallow la ter i te  p i t  near  Ban 
Nong Suai L a i ,  Thailand. A p la ty  t e k t i t e  about 1.5 inches t o  t h e  
l e f t  of t h e  po in t  of t h e  hammer occurs i n  s i t u  about 6 inches below 
t h e  t o p  of t h e  concretionary l a t e r i t e  l aye r .  
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found i n  t h e  l a t e r i t e s  immediately overlying these  g r a v e l s ,  It does not 

appear ,  t h e r e f o r e ,  t h a t  t he  t e k t i t e s  could have been formed i n  place by 

any kind of mel t ing mechanism, nor could t h e  l a r g e r  t e k t i t e s ,  which appeared 

t o  Barnes (1961) t o  have been formed "in a puddle," be formed i n  p l ace ,  

There i s  no evidence t h a t  t h e  t h a i l a n d i t e s  were der ived from p r e - l a t e r i t e  

s o i l s  over ly ing  t h e  sandstones of t h e  Korat P l a t eau  a s  suggested by 

Barnes and Pi takpaivan (1962). 

I n  a l l  of t he  Thailand occurrences,  t he  t e k t i t e s  r ep resen t  t he  

c o a r s e s t  fragments i n  the  m a t e r i a l  i n  which they  were embedded. They 

could not  a l l  have weathered out  of the underlying bedrock because they  

a r e  found i n  s o i l s  developed on Quaternary(?) grave ls  i n  some cases  and 

on var ious  sandstone and sha le  u n i t s  i n  the  Korat s e r i e s  i n  o ther  c a s e s ,  

I'hailand t e k t i t e s  a r e  younger than the Mukdahan g rave l .  The age of t h e  

t h a i l a n d i t e s ,  on the  b a s i s  of t he  genera l  geologic  evidence, appears  t o  

be s i m i l a r  t o  t h a t  of t he  p h i l i p p i n i t e s  and t h e  i n d o c h i n i t e s .  

The Sangiran Dome s i t e s  of Java 

I n  Java t h e r e  was t i m e  t o  v i s i t  only t h e  s i t e s  a t  t h e  Sangiran Dome 

a r e a ,  about 7 miles  no r th  of Solo or Suraka r t a ,  M r ,  Soeradi  of Djawatan 

Geologi (Geological Survey of Indonesia) accompanied t h e  au thor  dur ing  

the  t h r e e  days spent  i n  t h i s  a r e a ,  Professor  George H ,  Hansen,who w a s  

t eaching  a t  t he  Gadjah Mada Univers i ty  of Djokjakar ta ,a l so  spent  a few 

hours wi th  the  author  a t  t h e  s i t e "  Dean R, Chapman and Howard K, Larsen 
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of A m e s  Research Center,  NASAFalso spent p a r t  of a day t h e r e  during t h i s  

v i s i t ,  

The geology of t he  Sangiran Dome a rea  has been s tud ied  by s e v e r a l  

au tho r s  (Es, 1931; Marks, 1953) because of t h e  abundant Pithecanthropus 

remains found i n  t h i s  area. Von Koenigswald has c o l l e c t e d  t e k t i t e s  i n  

t h i s  area and described t h e i r  geologic occurrence (19601, and t h e  a rea  

a l s o  was v i s i t e d  and descr ibed by Barnes (1963)" The Sangiran Dome i s  

a breached s t r u c t u r a l  dome, the center  of which is  a topographic depres- 

s i o n ,  The Kabuh beds of Middle Pleis tocene age form a cues t a  t h a t  

e n c i r c l e s  t h e  s t r u c t u r e ,  The c e n t r a l  depression i s  unde r l a in  by f o s s i l i -  

f e rous  sediments of Pl iocene age,  

Barnes (1963) published a map showing t h e  t e k t i t e  l o c a l i t i e s  of  t h e  

Sangiran Dome area and ind ica t ed  t h a t  the s i t e s  were mapped by P ro fes so r  

George H, Hansen. During our v i s i t ,  a similar map showing t h e  t e k t i t e  

l o c a l i t i e s  was  given t o  t h e  author  by M r ,  Roseman, a long-time f r i e n d  and 

c o l l e c t i n g  guide of Professor  von Koenigswald. This  map i s  shown i n  

f i g u r e  21. The general ized geology shown i s  based on work of Marks (1953).  

The r e l i a b i l i t y  of t h i s  map i s  open t o  quest ion because, according t o  

M r ,  Roseman, he p l o t t e d  t h e  locat ions of t h e  t e k t i t e  f i n d s  according t o  

o r a l  d e s c r i p t i o n s  of t h e  loca t ions  from t h e  n a t i v e s  who a c t u a l l y  found 

the  t e k t i t e s .  M r ,  Roseman himself i s  famil iar  w i t h  on ly  two of t h e  

l o c a l i t i e s  shown, 

Von Koenigswald (1960) indicated t h a t  a t  least 10,000 t e k t i t e s ,  
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mostly fragments, had been collected from Sangiran, 

collecting is on the northern rim of the structure at triangulation station 

356, about 1 mile north of the village Krikilan. The stratigraphic section 

consists of dark gray shale of the Putjangan beds of Pliocene age overlain 

by about 4 feet of nodular limestone, in turn overlain by about 80 feet 

of cross-bedded conglomeratic tuffaceous sandstone of the Kabuh beds (fig 

22). Pebbles in the Kabuh beds are predominantly andesite and weather 

easily into crumbly material 

part of the sandstone The upper part of the section consists of 2 to 

5 feet of lag gravel, It is an unstratified deposit consisting predomin- 

antly of gray chert pebbles, which in the upper part of this gravel are 

deeply weathered. 

weathering of the underlying cross-bedded conglomeratic tuffaceous sand- 

stone y 

The best site for 

Vertebrate f o s s i l s  are found near the basal 

The gravel clearly accumulated as a result of prolonged 

According to Mr. Rosernan and Professor von Koenigswald (oral com- 

munications, 1963) tektites were collected only on the surface of the flat 

top of a ridge at Station 356 and were never found embedded in the Kabuh 

beds In an attempt to verify this, the author made two trenches forming 

a T-shaped pattern, one parallel to the ridge about 30 feet long, and 

the other 20 feet long (fig. 231, Both trenches were about 3 feet wide 

and 2 feet deep. Deeply weathered chert gravel was encountered 2 to 3 

inches below the surface, The excavated gravel was sieved in an attempt 

to recover tektites, None were found, although nearly 400 javanites were 
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Figure 23. Photograph showing the gent ly  dipping sur face  of t h e  
northwestern r i m  of the  Sangiran Dome a t  t r i a n g u l a t i o n  s t a t i o n  no. 
356,  6 miles  nor th  of Surakarta ,  Java. The surface was under la in  
by an u n s t r a t i f i e d  lag grave l  as shown by the  T-shaped t rench.  Some 
300 j avan i t e s  were repor ted ly  found on top  of t h i s  sur face .  None 
were found wi th in  the  l a g  grave l .  
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r epor t ed  t o  have been found a t  t h i s  s i t e  The j a v a n i t e s  here  appa ren t ly  

do not accumulate by weathering o u t  of t he  underlying Kabuh beds 

Probably t h e  j a v a n i t e s  did not f a l l  u n t i l  a f t e r  t h e  Kabuh beds had 

been deposi ted and undergone a lengthy period of e ros ion  while t h e  lag 

g rave l  w a s  being accumulated. The lag g rave l  on which t h e  j a v a n i t e s  a r e  

found may post-date t h e  f o l d i n g t h a t  fmnedthe  Sangiran Dome, and t h e  s u r -  

f ace  unde r l a in  by t h e  g r a v e l  may represent  an e r o s i o n a l  su r f ace  upon 

which t h e  t e k t i t e s  f e l l ,  The exact  age of t h i s  l a g  g rave l  i s  unknown 

I h e  occurrence of t e k t i t e s  i n  the  sourhern p a r t  of t h e  a rea  unde r l a in  by 

t he  Notopuroh beds i n d i c a t e s  t h a t  the j a v a n i t e s  are  younger than t h e  

Kabuh beds, which are assigned t o  the Middle P le i s tocene  by von Koenigswald 

!'1960) I 

The Por t  Campbell and Stanhope Bay s i t e s  of V i c t o r i a ,  A u s t r a l i a  

A f i e l d  t r i p  t o  t h e  Port  Campbell and Stanhope Bay s i t e s  of V ic to r i a  

was arranged by George Baker and Edmnd D ,  G i l l  i n  December 1962, Other 

p a r t i c i p a n t s  included Dean R ,  Chapman and Howard K.. Larson 

The geologic occurrences of t e k t i t e s  a t  these s i t e s  have been 

descr ibed i n  some d e t a i l  by George Baker (19621, who concluded t h a t  t h e  

a u s t r a l i t e s  are probably not l e s s  than 3000 o r  more than 6000 years  o l d  

A d e t a i l e d  restudy of t he  geologic age of a u s t r a l i t e s  i n  the  Por t  Campbell 

area by Baker, E D -  G i l l  and the  a u t h o r  i s  now underway The stmrt des- 

c r i p t i o n  given below o u t l i n e s  the  problem of the  determinat ion of t h e  
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geologic  age of a u s t r a l i t e s ,  

The coas t  of V i c t o r i a  near Por t  Campbell i s  a v e r t i c a l  sea c l i f f  150 

t o  250 fee t  h igh .  Most of t h e  c l i f f  face i s  c u t  i n  f l a t - l y i n g  Miocene 

l imestone. Near the  t o p  of t h e  c l i f f  i s  a n  i r r e g u l a r  bed of va r i ega ted  

c l a y  and sandy c l a y  up t o  10 t o  20 f e e t  t h i c k ,  bel ieved t o  have been formed 

by t h e  weathering and leaching of t h e  underlying Miocene l imestone. A 

t h i n  l aye r  of i r o n  oxide nodules ca l l ed  buckshot g r a v e l  o v e r l i e s  t h i s  c l a y ,  

Local ly ,  a complex s o i l  up 10 f e e t  t h i ck  w i t h  a l t e r n a t i n g  l i g h t  and dark 

bands o v e r l i e s  t h e  buckshot g rave l  (fig, 2 4 ) -  T e k t i t e s  a r e  reported t o  

occur i n  a sandy l aye r  of t h e  s o i l  s l i g h t l y  above t h e  buckshot g r a v e l ,  

The buckshot g r a v e l  i s  i n t e r p r e t e d  by E? D o  G i l l  (1953) as a product of 

d e f l a t i o n  o r  wind e ros ion ,  and t h e  time of d e f l a t i o n  was  probably t h e  

p o s t - g l a c i a l  thermal maximum ( G i l l ,  1955a, 1955b, and 19561, 

A t  Stanhope Bay a d i s r i n c t i v e  aeol ian depos i t  of P l e i s tocene  age 

( G i l l ,  o r a l  communication, 1964) occurs above t h e  mottled c l a y s ,  and t h e  

buckshot g r a v e l  here o v e r l i e s  t he  aeo l i an  deposi t  ( f i g ,  2 5 ) .  T e k t i t e s  

were found as f l o a t  above t h e  aeol ian depos i t  !ust how much of t h e  

P le i s tocene  period i s  represented by t h i s  dzpos i t  i s  not known. The t ek -  

t i t e s  a t  t h i s  s i t e  are probably younger than  t h e  a e o l i a n  deposi t  It i s  

hoped t h a t  t h e  j o i n t  s tudy of t he  Port Campbell occurrences can h e l p  

c l a r i f y  t h e  geologic age of t h e  a u s t r a l i t e s ,  
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Figure 24. 
b e l l ,  V ic to r i a ,  Aus t r a l i a ,  showing a 10-foot t h i c k  sequence of s o i l  
p r o f i l e  overlying weathered P l iocene(?)  c lay .  The boundary was marked 
by a t h i n  buckshot layer  (arrow). Miocene limestone t h a t  unde r l i e s  
t h e  Pl iocene(?)  clay i s  shown i n  t h e  foreground. 

Cross s e c t i o n  w e s t  s i d e  of g r a v e l  p i t ,  east of Por t  Camp- 

Figure 25.  Cross sec t ion  of a sea c l i f f  near Stanhope Bay, V i c t o r i a ,  
A u s t r a l i a ,  showing t h e  P le i s tocene  a e o l i a n i t e  (marked by s t e e p l y  d ip-  
ping cross-bedding) overlying Pl iocene(?)  c lay  and Miocene limestone 
(white ,  lower part of t he  c l i f f ) .  Standing from l e f t  t o  r i g h t ,  Dean 
R.  Chapman, George Baker, Edmund D. G i l l ,  and Howard K. Larson. 
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. 
Comparison of t h e  geologic age w i t h  

K/Ar ape of Australasian t e k t i t e s  

An Unambiguous geologic  age f o r  t e k t i t e s  can be determined only i f  

a f r e s h ,  unworn t e k t i t e  specimen i s  found i n  s i t u  i n  a geologic formation 

t h a t  can be a c c u r a t e l y  dated e i t h e r  by f o s s i l s  o r  materials d a t a b l e  by 

abso lu te  geochronologic methods. No occurrence descr ibed i n  t h i s  paper 

f u l f i l l s  t h i s  condi t ion. .  The phi l ippinites,where found i n  s i t u ,  cannot 

be p r e c i s e l y  dated because t h e  t e k t i t e s  have been t r anspor t ed  and redepos- 

i t e d  by running wa te r ;  t h e  g rave l  deposit  i n  which they  were embedded 

as ye t  cannot be c l o s e l y  dated Indochini tes  from Dalat are o lde r  t han  

2000 yea r s  and younger than t h e  b a s a l t ,  but  t h e  b a s a l t  has  no t  been c l o s e l y  

da t ed .  The Thailand t e k t i t e s  are younger than t h e  g rave l  d e p o s i t s  t h e y  

o v e r l i e ,  but  t h e  age of t h e  g r a v e l  i s  not known. J a v a n i t e s  from t h e  

Sangiran Dome are d e f i n i t e l y  younger than the  Kabuh beds of Middle P l e i s t o -  

cene age ,  but  t h e  rninimum age i s  not known Ihe a u s t r a l i t e s  from t h e  P o r t  

Campbell and Stanhope Bay a rea  of V ic to r i a  are probably youngrr than t h e  

a e o l i a n  depos i t  of Pleistocene age, but p r e c i s e  age of t h i s  depos i t  i s  

n o t  known. A t  present  t h e r e  i s  no evidence t o  i n d i c a t e  whethgr the 

Aus t r a l a s i an  t e k t i t e s  a r e  of t h e  same age o r  of d i f f e r e n t  ages.  Ihey are  

probably of P le i s tocene  age or  younger, but t h e y  could a l l  be as young as 

5000 y e a r s ,  as suggested f o r  a n s t r a l i r e a  by Baker, o r  as o ld  as 100,000 

o r  500,000 years o r  poss ib ly  o l d e r ,  
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The K / A r  ages of t he  Aus t r a l a s i an  t e k t i t e s  determined by Gentner and 

Zihr inger  (19591, and Zzhringer (1963) have been rev ised  t o  about 700,000 

years  The K / A r  ages a r e  a l l  much g rea t e r  than t h e  5000 years  suggested 

by Baker f o r  a u s t r a l i t e s  and g r e a t e r  than the  probable maximum geologic  

ages of t h e  t e k t i t e s  a t  c e r t a i n  s i tes ,  Baker suggested t h a t  t he  t i m e  of 

formation of t h e  t e k t i t e  g l a s s  (K/Ar age) and t h e  time of f a l l  (geologic  

age) may not  have t o  be the  same. 

formed e i t h e r  by t e r r e s t r i a l  o r  lunar meteor i te  impact as  i nd ica t ed  by 

t h e  m e t a l l i c  spheru les  found i n  t e k t i t e s  (Chao and o t h e r s ,  1964)" Long 

t i m e s  i n  space appear t o  be ru l ed  out  by t h e  absence of aluminum 26 t h a t  

would be produced by cosmic r ay  bombardment i n  space (Viste and Anders, 

1962) I 

This i s  not  l i k e l y  i f  t he  t e k t i t e s  were 

Seve ra l  poss ib l e  explanat ions may account f o r  apparent d i sc repanc ie s  

between K / A r  age and geologic  ages of t he  Aus t r a l a s i an  t e k t i t e s :  (1) 

The geologic  time s c a l e  has not been f i rmly  f ixed  f o r  t he  pas t  h a l f  a 

mi l l i on  yea r s .  

50,000 yea r s ,  and t h e  p rec i s ion  of the K / A r  method of age determinat ion 

needs t o  be improved i n  order  t o  y i e l d  meaningful ages of l e s s  than  a 

m i l l i o n  yea r s .  

K / A r  method i n  Aus t r a l a s i an  t e k t i t e s ,  and t h e  probable e r r o r  i s  l a rge  

enough t o  account f o r  t h e  apparent  discrepancy of t h e  K / A r  ages and t h e  

s t i l l  l e s s  p rec i se  geologic  ages .  

formation of t he  t e k t i t e  g l a s s ,  Ar4'  was not  completely dr iven  o f f ,  

Radiocarbon da t ing  i s  not  app l i cab le  t o  ages g r e a t e r  than 

Only a very small  amount of argon gas i s  measured by t h e  

(2) It i s  poss ib l e  t h a t  dur ing  the  

This  
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. 
i s  suggested by l abora to ry  experience in t h e  outgassing of t e k t i t e  g l a s s e s  

I f  t h i s  i s  t h e  case ,  the K / A r  ages a r e  g r e a t e r  than t h e  t r u e  ages of t h e  

t e k t i t e s .  ( 3 )  Perhaps t h e  weakest l ink i n  so lv ing  t h e  geologic ages of 

t h e  t e k t i t e s  i s  t h e  d i f f i c u l t  problem of determining t h e  r e l a t i o n  of the 

t e k t i t e s  t o  t h e  depos i t s  i n  which they occur. 

t h a t  t h e  t e k t i t e s  have been reworked and redeposi ted,  and t h e  age of t h e  

d e p o s i t  thus gives  only a minimum age of t h e  enclosed t e k t i t e s .  

There i s  t h e  p o s s i b i l i t y  

From t h e  s tandpoint  of o r i g i n ,  one of t h e  most important quest ions 

i s  whether a l l  t h e  Aus t r a l a s i an  t e k t i t e s  a r e  the  same age o r  d i f f e r e n t  

ages .  A much more complicated sequence of  events  would be required t o  

account f o r  d i f f e rences  i n  age,  The ava i l ab le  d a t a  i n  t h e  Aus t r a l a s i an  

t e k t i t e  ages i s  c o n s i s t e n t  w i t h  t h e  hypothesis t h a t  t hey  were formed by 

a s i n g l e  event and were deposi ted i n  a s i n g l e  f a l l .  

The problems of e s t ima t ing  t h e  dens i ty  of f a l l  of t e k t i t e s  

Assuming an impac t  o r i g i n  f o r  t e k t i t e s ,  t h e  geographic d i s t r i b u t i o n  

and the  number of t e k t i t e s  recovered from various 1 o c a l i : i e s  have d i r e c t  

bear ing on quest ions concerning the  amount of g l a s s  produced by t h e  impact 

event and how t h e  ejecta were d i s t r i b u t e d .  This9in t u r n ,  bears on the  

problem of t h e  terrestrial  or lunar o r i g i n  of t e k t i t e s "  

are involved i n  making a n  estimate of f a l l  dens i ty :  (1) I n  many a r e a s  

t h e  o r i g i n a l  d i s t r i b u t i o n  and dens i ty  of f a l l  have been modified by 

Many d i f f i c u l t i e s  
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. 
- subsequent t r a n s p o r t a t i o n  and r e d i s t r i b u t i o n  by running water (22 Although 

t e k t i t e s  have been known f o r  decades, a d e t a i l e d  s tudy aimed a t  determining 

t h e i r  a c t u a l  d i s t r i b u t i o n  has not  been made, A l l  t he  information a v a i l a b l e  

i s  incomplete,  i nc lud ing  observat ions reported i n  t h i s  paper,  (3) From 

t h e  a v a i l a b l e  d a t a  it appears t h a t  t he re  a r e  c l u s t e r s  of t e k t i t e s  t h a t  f e l l  

i n  va r ious  p a r t s  of t he  s t r ewnf i e ld .  The sampling of a small area a s  re- 

presenta,t ive of t h e  s t r ewnf i e ld  as  a whole w i l l  t h e r e f o r e  tend t o  be h i g h l y  

misleading.  (4) Much of t h e  material, such as t h a t  c o l l e c t e d  from t h e  Dalat 

area i s  f ragmental ,  so  t h a t  c o r r e c t i o n  must be made f o r  t h e  inc rease  i n  

number of specimens due t o  fragmentation, 

One way of e s t ima t ing  the t o t a l  number of t e k t i t e s  i n  t h e  A u s t r a l a s i a n  

s t r e w n f i e l d  i s  t o  assume that  t h e  average d e n s i t y  of f a l l  i s  about 1 t e k t i t e  

per square meter. This d e n s i t y  i s  perhaps a f a i r  estimate f o r  t h e  P o r t  

Campbell s i t e s  of V i c t o r i a  and f o r  t he  Anda a r e a  of t he  P h i l i p p i n e s ,  t oo  

high f o r  areas such as the Malay Peninsula and Borneo, and not high enough 

f o r  some pa r t s  of Java,  Thailand and Indochina The est imated t o t a l  a r e a  

of t he  known ex ten t  of the  s t r ewnf i e ld  i s  about 20 7 m i l l i o n  square k i l o -  

meters,  and t h e  number of t e k t i t e s  i n  t h e  Aus t r a l a s i an  s t r ewnf i e ld  would 

be about 2 x I f  t he  average weight of a t e k t i t e  i s  10 grams, t h e  

est imated t o t a l  weight of t ek t i t e  ma te r i a l  would be about 2 x 10 

o r ,  assruning a n  average d e n s i t y  of 2,5 gm/cm , t h e  volume of t e k t i t e  

material would be about O o  1 cubic  kilometers 

14 
grams, 

3 

This estimate i s  probably much too high because t h e  assumption t h a t  
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t e k t i t e s  f e l l  w i t h  a d e n s i t y  equivalent t o  one per square meter,  i s  based 

on the  est imated d e n s i t y  of t e k t i t e s  i n  l imi t ed  i n d i v i d u a l  a r e a s  where 

t e k t i t e s  are known t o  be r e l a t i v e l y  abundant, The average d e n s i t y  of f a l l  

may be est imated f o r  a l a rge  area,  such a s  t h e  drainage bas in  of Manila 

Bay, by assuming t h a t  most t e k t i t e s  which f e l l  i n  t h e  drainage b a s i n  have 

bsen concentrated i n  t h e  tekt i te-producing s i t e s  of t h i s  area,  This would 

provide a minimum estimate of t h e  o r i g i n a l  d e n s i t y  of t e k t i t e s  i n  t h i s  

past  of t h e  s t r e w n f i e l d ,  

The number of t e k t i t e s  recovered i n  t h e  Manila Bay area i s  probably 

about 100,OOOj A t  t h e  Ort igas  s i t e ,  the most p r o l i f i c  of t h e  known t ek -  

t i t e  l o c a l i t i e s ,  over 50,000 t e k t i t e s  have been found, A t  Pugad &buy and 

Santa Mesa, t h e  t o t a l  number found i s  probably less than 10,000. A con- 

s e r v a t i v e  estimate of t h e  t o t a l  number of t e k t i t e s  now l e f t  i n  t h e  Manila 

Bay a r e a  would be of t h e  order  of 500,000. The a r e a  of t h e  drainage b a s i n  

of Manila Bay i s  approximately 10,500 square k i lome te r s ,  This leads t o  

a n  e s t ima te  of about one t e k t i t e  per 20,000 square meters 

estimate i s  app l i ed  t o  t h e  e n t i r e  s t r ewnf i e ld ,  i t  leads t o  a t o t a l  of 

I f  t h i s  

9 10 t e k t i t e s .  The t o t a l  amount of t e k t i t e  material on t h i s  b a s i s  would 

be about l o l o  grams, equivalent  t o  a volume of about 4 x 10 

of t e k t i t e  material. 

3 cobic  meters 

Even t h e  lower e s t ima te  of t he  abundance of t e k t i t e s  i n d i c a t e s  t h a t  

a l a rge  impact event would be necessary t o  produce t h e  Aus t r a l a s i an  t ek -  

t i t e s  I n  an impact event only a f r a c t i o n  of a percent  of t he  t o t a l  e j e c t a  
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c o n s i s t s  of g l a s s  and only a f r a c t i o n  of t h a t  g l a s s  would be represented 

by t h e  A u s t r a l a s i a n  t e k t i t e s ,  The volume of t e k t i t e s  may represent  l e s s  

than 

would place a lower l i m i t  f o r  t he  s i z e  of t h e  c r a t e r  a t  4 cubic ki lometers  

of t he  t o t a l  volume of e j e c t a  from an impact c ra te r ,  whlc’n 

Source of t e k t i t e s  

There a r e  no known t e r r e s t r i a l  meteorite c r a t e r s  i n  t h e  A u s t r a l a s i a n  

s t r e w n f i e l d  l a rge  enough t o  se rve  as s ing le  o r  mul t ip l e  sources f o r  t h e  

probable volume of t he  Aus t r a l a s i an  t e k t i t e s  I t  i s  important t h a t  not a 

s i n g l e  s i t e  v i s i t e d  yielded material that i s  t r a n s i t i o n a l  between t e r r e s -  

t r i a l  rocks and t e k t i t e s ,  There i s  thus no evidence f o r  t e r r e s t r i a l  

m e t e o r i t i c  impact o r i g i n  f o r  t h e  Australasian t e k t i t e s .  
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THE C-CAL COMPOSITION OF SELECTED 

INDOCHINTTIES AND PHILIPPIMTES 

by Frank C u t t i t t a ,  E ,  C .  T, Chao, 

and M, K. Carron 

Introduct ion 

This  i s  t h e  second of a s e r i e s  of progress r e p o r t s  dea l ing  w i t h  t h e  

composition of t e k t i t e s  from the  Australasian s t r e w n f i e l d s .  The ob jec t -  

i ves  of d e t a i l e d  chemical s tudy of these t e k t i t e s  a r e :  (1) t o  determine 

the  v a r i a t i o n  of t h e  chemical composition of t e k t i t e s  from t h i s  v a s t  

s t r e w n f i s l d  t o  eva lua te  t h e  p o s s i b i l i t y  t h a t  a l l  t h e  t e k t i t e s  were formed 

by a s i n g l e  even t ;  (21 t o  determine whether t h e  v a r i a t i o n  of chemical 

composition i s  r e l a t e d  t o  p a t t e r n s  of f a l l  (such a r e l a t i o n s h i p  might 

provide c lues  concerning t h e  place of o r i g i n  of t e k t i t e s ) ;  ( 3 )  t o  examine 

v a r i a t i o n s  i n  chemical composition of the t e k t i t e s  which might be t h e  

r e s u l t  of  t h e  processes by which t e k t i t e s  a r e  formed 

The f i r s t  r e p o r t  presented a n a l y t i c a l  d a t a  f o r  a u s t r a l i t e s  and 

j a v a n i t e s  ( C u t t i t t a  and o t h e r s ,  1964) New chemical analyses  ar2 presented 

here f o r  t he  major c o n s t i t u e n t s  of 5 indochini tes  from Da la t ,  South Viet 

Nam and 13 p h i l i p p i n i t e s  from various l o c a l i t i e s  i n  t h e  P h i l i p p i n e s  ( 4  

from Coco Grove, 5 from Zsabel la ,  and 4 from Santa Mesa) ( t a b l e s  1 - 4 ) *  

A n a l y t i c a l  work (major and minor elements) on an a d d i t i o n a l  10 indoch in i t e s  

arid 12 t h a i l a n d i t e s  i s  i n  progress ,  These t e k t i t e s  were s e l e c t e d  t o  
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Table 1, New chemical analyses  of se lec ted  indochin i tes  from Da la t ,  South 
Vier Nam ( i n  weight pe rcen t ) l /  

S io, 

Ab% 

Fe.2 4 

FeO 

MgO 

CaO 

Na20 

bo 
1: io, 

p2 4 

MIlO 

T0T.A L 

I o t a 1  Fe 
a s  Fez& 

N&/ 
2 1  

SP g r  
3 /  Mag sus- 

Fez@ /FeO 

ID- 13 

73.8 

12.4 

I 58 

4.27 

2.22 

1.86 

1,35 

2 .b5 

e 72 

s 07 

0% 

99-81  

5 "32  

1,5051 

2.42, 

6 -85  

136 

I D -  18 

73,3 

12 -5, 

36 

4,65 

2 -43 

1-92  

1 32 

2.37 

69 

06, 

- 07, 

99 * 72 

5.52 

1 5067 

2,43, 

7 "03 

" 077 

ID- 108 

73.3 

1 2 , s  

0 60 

4.92 

2.65 

l " 9 0  

1,29 

2.39 

D 74 

05, 

" 08, 

100 18 

5 - 8 7  

1 I 5082 

2 .L47 

7 88 

08 1 

ID-23 

73.3 

12 

44 

4.82 

2 Y 75 

1,92 

1 ,08  

2 .31  

i 72 

Logo 

05, 

99 '93  

5 79 

1.5094 

2 45, 

7 - 5 2  

"091 

ID-36 - 
72 7 

12 I 5, 

"57 

5 -05  

3.06 

1.89 

1 28 

2.32 

80 

., 0% 

1% 

100 34 

6 19 

1 5119 

2 L5, 

N O D ,  

113 

N O D .  = not  determined, 

- 11 

- 2 1  

Arranged i n  order  of i nc reas ing  index of r e f r a c t i o n .  

Determined by Jane t  L i t t l e r  (ND = i 0,0004) ,  

-G - 3 1  Magnetic s u s c e p t i b i l i t y  (x) by  F .  S e n f t l e ,  where x ( - - - ) l o  emu/g. 
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Table 2. New chemical analyses of selected philippinites from Coco Grove, 
Philippines (in weight 

T o t a l  Fe as FeaQ 

3/ Mag sus- 

per cent )l/ 

PC-8 

73,O 

12.7 

32 

4"33 

2 0 10 

2.76 

1.45 

2.56 

78 

05 

c 10 

100.15 

5 13 

1 a 5086 

2.4% 

N.D* 

.074 

Pc-9 

72 * 1 

12.9 

- 

.42 

4.29 

1.92 

3 14 

1.54 

2.63 

82 

" 11 

0 10 

99 e 88 

5 I 18 

1.5107 

2.45, 

6.67 

-098 

PC-26 

71,4 

13 -2 

e 30 

4,46 

2,16 

3.27 

1-44 

2.57 

I 84 

06 

111 

99 85 

5 "25 

1,5130 

2.44, 

6.82 

.067 

Pc-12 

70'2 

14,4 

-61 

4,65 

2 "41 

3,28 

1'34 

2 63 

II 82 

11 

0 12 

100 58 

5,79 

1 5168 

2 ,479 

7.47 

105 

N O D .  = not determined. 

1/ Arranged in order of increasing index of refract ion I 

2 /  Determined by Janet Littler (ND = i 0.0004), 

3 /  Magnetic susceptibility (x) by F .  Senftle, where y, = ( - - - ) lo  -6  emu/g, 
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Table 3 ;  New chemical analyses  of s e l ec t ed  p h i l i p p i n i t e s  from I s a b e l l a ,  
P h i  l i pp ines  ( i n  weight percent), 11 

S io2 

A 1 2 4  

*e24 

FeO 

MgO 

C a0  

Na, 0 

Jk?o 

T i %  

p2 9 

MnO 

TOrAL 

T o t a l  Fe 
a s  Fez% 

N&/ 

2 1  
SP gr- 

31 Mag s u r  

Fez% /FeO 

PI-33 

74.17 

10 a g5 

0 00 

4.28 

2 - 0 1  

4.12 

1 32 

2.20 

65 

-07 

a 10 

99 8 7  

4 ,72 

1 a 5081 

2 I 442 

6,76 

D 00 

PI-68 

73.2 

11.9, 

. 2 3  

4.29 

2.38 

3.79 

1 ,19  

2.19 

e 70 

07 

D 11 

100.12 

4 . 9 8  

1,5107 

2 "43, 

6.84 

054 

PI-94 

7 1 , 8  

13 2, 

s 15 

4.64 

2 "43 

2.86 

1.38 

2 "39  

I 78 

Y 10 

,b 11 

99 85 

5 -37 

N.D.  

NOD. 

N O D .  

I 032 

PI-50 

71.4 

13.8, 

s 22 

4.92 

2.46 

2.84 

1 ,24  

2 42 

0 79 

.08 

r 11 

100 32 

5 ,69  

1 5133 

2 45, 

7 15 

045 

PI-111 

70.6, 

14 47 

.37 

5 ,OO 

2.89 

2.77 

97 

2 11 

.82  

IO7 

" 11 

100 ' 20 

5 " 9 3  

1 5154 

2 473 

7 . 2 1  

I 074 

N O D .  = not  determined, 

a 1/ Arranged i n  order  of increas ing  index of r e f r a c t i o n .  

- 2 /  Determined by J a n e t  L i t t l e r  (ND = k 0 . 0 0 0 4 ) .  

- 3 /  Magnetic s u s c e p t i b i l i t y  (x) by F, S e n f t l e ,  where x = ( - - - ) l o  
-6 emu/g. 
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Table 4 ,  Mew chemical analyses-of selected philippinites from Santa Mesa, 
Phi lippines (in weight percent)i/ 

Si% 

A124 

Fez 4 

FeO 

MgO 

CaO 

K”a, 0 

Kzo 

Ti% 

p2 9 

MnO 

TOTAL 

Total Fe as Fe,& 

v&’ 
2’ 

SP s- 
3/ Mag sus- 

Fez@ /FeO 

PS -46 

73 “4 

- 

12 .So 

40 

4” 17 

2-31 

2.80 

1.29 

2,32 

0,75 

0 09 

* 08, 

99 .. 77 

5 ;03 

1 5084 

2 -42, 

N.D. 

096 

PS-17 

72.68 

12 79 

0.25 

4.38 

2.36 

2.73 

1.24 

2 -33 

0.75 

08 

D 09, 

99 69 

5.11 

15101 

2 -46, 

6,45 

057 

Ps-11 

72 - 0  

13 

s 34 

4,49 

2.66 

2.69 

1.20 

2.35 

” 77 

.08 

. lo, 
99 86 

5,33 

1 5127 

2 .LC& 

N.D, 

I 076 

PS - 135 

70 7, 

13 -5, 

56 

4.45 

2.93 

. 2.89 

1.32 

2 -39 

I 85 

.10 

.093 

99 92 

5.51 

1 5160 

2 i 43, 

N . D .  

,102 

N,D. := not determined. 

I 11 

2/ Determined by Janet Littler (N = f 0,0004) 

- 3 /  Magnetic susceptibility @) by F Senftle, where x = ( - - - ) lo  emu/g, 

Arranged in order of increasing index of refraction. 

D - 
-6 
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represent  approximately t h e  e n t i r e  range of i nd ices  of r e f r a c t i o n  and 

s p e c i f i c  g r a v i t i e s  exhib i ted  by a co l l ec t ion  of about 1300 indochin i tes ,  

1500 t h a i l a n d i t e s ,  and more than 10,000 p h i l i p p i n i t e s .  

For comparative purposes, t h e  new da ta  have been combined wi th  

previous da t a  i n  t a b l e s  5 and 6, Data on minor elements (Ag, B, B a y  Be ,  

Coy C r y  C s ,  Cu, G a y  La, L i ,  Mn, Nb, N i ,  Pb, Rb, Sc, S r ,  V Y, and Z r )  f o r  

t h e  newly analyzed Aus t ra las ian  t e k t i t e s  were presented i n  t h e  previous 

r e p o r t  ( C u t t i t t a  and o the r s ,  1964, p .  30-46) and by Anne11 and o the r s  

(1964) .  A s t a t i s t i c a l  ana lys i s  of t he  chemical da t a  i s  being programmed 

t o  eva lua te  t h e  c o r r e l a t i o n s  of major and minor elements i n  t h e  t e k t i t e s  

Chemical composition of se lec ted  Aus t r a l a s i an  t e k t i t e s  

The ana lyses  i n d i c a t e  a gross  s i m i l a r i t y  of elemental  abundances i n  

a l l  Aus t r a l a s i an  t e k t i t e s .  The ranges of s i l i c a  content  of var ious t ek -  

t i t e  s u i t e s  from t h i s  s t rewnf ie ld  (72.7-73.8 indochin i tes ,  69 06-74 2 

p h i l i p p i n i t e s ,  72,3-74.4 javani tes ,  and 71.2-78,O aus t r a l i t e s l  show con- 

s i d e r a b l e  overlap ( t ab le s  5 and 6 ) ,  This i s  a l s o  true f o r  s p e c i f i c  g r a v i t y  

and index of r e f r a c t i o n  ( t ab le s  1 -4 ) .  FeO v a r i e s  i nve r se ly  with respec t  

t o  S i 0  i n  a u s t r a l i t e s ,  p h i l i p p i n i t e s ,  i ndoch in i t e s ,  and j avan i t e s  These 

s imi l a r i t i e s  suggest t h a t  a l l  Ans t ra las ian  t e k t i t e s  a r e  der ived from t h e  

same o r  s i m i l a r  paren t  rock ma te r i a l s ,  poss ib ly  by a s i i g l e  event .  Th i s  

c m c l u s i o q  i s  i.i agreement with t h e  concordant 700,000 year  K / A r  ages  of 

t e k t i t e  s u F t e s  of varbus p a r t s  of t h i s  s t r ewnf i e ld  (Zahringer, 1963) 

2 
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Table 5 .  Ranges of t h e  major oxides and the  average composition of 
analyzed j a v a n i t e s  and indoch in i t e s  ( i n  percent)- 1/ 

J a v a n i t e s  

Range 

72.3 - 74.4 

11.1 - 11"4  

0.27 - 0.56 

4 .W - 5.25 

2.88 - 3 '79  

2.25 - 2.91 

1 . 1 7  - 1.26 

2.17 - 2.29 

0-67  - 0.70 

0 ,06  - 0.07 

0.09 - O " 1 1  

5 ,26  ,_ 6 - 5 0  

Average (6) 

73.42 

11.28 

0 "40 

4 I 80 

3.27 

2.63 

1,23 

2 "24 

0 .68  

0.06 

0 "  10 

100 I 11 

5 72 

1.5065- 1.5141 1 5098 

2.42,-  2.48, 2.45, 

(6.39 - 8.09?10-6 t:?.30i10-6 

.056- 120 .083 

Indoch in i t e s  

Range 

72-7 - 

12.4 - 

-36 - 

4.27 - 

2.22 - 

1-86  - 

1,08 - 

2 .31  - 

.69 - 
-04  - 

-05 - 

5 32 - 

73.8 

12 5 

I 58 

5.05 

3 06 

1.92 

1 . 3 5  

2 .lr5 

80 

IO9 

I11 

6 19 

Average (5) 

73 I 28 

12.47 

rn 4 7  

4.74 

2 "62  

1.90 

1 26 

2 .37  

0 - 7 3  

0 ' 06, 

0.08 ,  

99 38 

5 74 

1 5051- 1 5119 1 5083 

2 & & -  2,&52 2 44, 

f 5 , 8 5  - 7.88j10-6 7 32)10m6 

"077 -  LI 136 0 010 

I 1 /  I n c l i l d t s  I n a l y s s -  [ j a v a n i t e q  reported by C u t t i t t a  and o t h e r s  (1964? 



* Table 6 .  
analyzed australites and philippinites (in percent)il 

Ranges of the major oxides and the average composition of 

Aus tr a 1 it es Philippinites 

Range Average (6) Range Average (17) 

S io, 71-2 - 78.0 74.7 69.0 - 74.2 71 74 

A12 4 10.3 - 12,4 11‘5 11.0 - 14.7 13 a 13 

Fe, 4 O b 2 0  - 0,48 - 3 1  -00 - -61 29 

FeO 3-61 - 4,23 3.94 6*17 - 5.28 4.57 

MgO 1.34 - 1.94 1< 74 1,92 - 2-93 2 41 

3 ” 10 C a0 2-24 - 5.58 3”77 

N a , O  1,15 - 1-22 1 18 0.97 - 1.54 1.33 

2.37 2-11 - 2-63 EGZO 2,09 - 2-25 2,17 

T io, 0.62 - 0.74 0.68 0-65 - 0.87 

2-69 - 4,12 

785 

p2 9 0-03 - 0,06 0.05 0.04 - 0,11 “OS, 

MnO 0-08 - 0-12 0.09 0.08 - 0 - 1 1  D lo-, 

TOTAL 100 13 99-91 

4-28 - 5-18 Total Fe 
as Fez& 4,68 6-72 - 5.93 5”37 

1,4970- 1.5190 1 5078 1,5081- 1.5169 1.5122 ND 

SP gr 2.395- 2-47’, 2 ”43,  2.42,- 2,47, 2.45, 

(5 “45 - 6 83) (6 12) (6,65 - 9.29)10-6 (6,92)lOa6 Mag sus 
emu /g 

Fe,Q /FeO -052 - -114 078 <.OOOO - -105 06 1 

- 1/ Includes analyses of australites and philippinites reported by 
Cuttitta and others t 1964) 
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The d e t a i l e d  analyses ,  however, reveal  a c l e a r  d i s t i n c t i o n  between 

two groups of t e k t i t e s :  (1) indochini tes  and j a v a n i t e s ,  and (2)  p h i l i p p i n i t e s  

and a u s t r a l i t e s .  Indoch in i t e s  and j avan i t e s  have MgO i n  excess of C a O ,  

whereas p h i l i p p i n i t e s  and a u s t r a l i t e s  are cha rac t e r i zed  gene ra l ly  by e a 0  i n  

excess of M g O .  I n  indoch in i t e s  and j avan i t e s  t h e  alumina i s  no t  c o r r e l a t e d  

w i t h  s i l i c a ,  whereas t h e  alumina content i n  p h i l i p p i n i t e s  and a u s t r a l i t e s  

v a r i e s  i n v e r s e l y  wi th  t h e  s i l i c a  content ( t a b l e s  1 and 5 ) -  F i n a l l y ,  t he  

Co, C r ,  and Ni contents  i n  indochini tes  and j a v a n i t e s  a r e  notably higher 

than i n  p h i l i p p i n i t e s  and a u s t r a l i t e s  (Anne11 and o t h e r s ,  19643, The 

p h i l i p p i n i t e s  and a u s t r a l i t e s  appear t o  form a d i s t i n c t  group lying t o  t h e  

e a s t  of t he  indoch in i t e s  and j a v a n i t e s ,  

Th i s  p a t t e r n  i s  n o t  yet f u l l y  explored arid i s  probably more complex 

than so  f a r  i nd ica t ed .  For example, some of t h e  p h i l i p p i n i t e s  w i t h  MgQ 

content nea r ly  equal  o r  s l i g h t l y  g rea t e r  than C a O  :Pi-111,  t a b l e  3 ,  Ps-11, 

Ps-135- t a b l e  4 )  seem t o  be more c lose ly  r e l a t e d  t o  t h e  i n d o c h i n i t e s .  Soms 

d i f f s r e n c e s  i n  composition a r z  found within the  i n d o c h i n i t ? - j a v a n i t e  group 

J a v a n i t e s  show a negat ive c o r r e l a t i o n  between s i l i c a  and lime and a posi-  

t i v e  c o r r e l a t i o n  between l i m e  and magnesia, whereas indoch in i t e s  do not 

show t h e s e  r e l a t i o n s h i p s  

L t  i s  hoped t h a t  the chemical c h a r a c t e r i s t i c s  w i l l  h e l p  r e v e a l  a 

p a t t e r n  of  f a l l  which can be c o r r e l a t e d  w i t h  temperature of hea t ing  of che 

t e k t i t z  melt and poss ib ly  the t i m e  o r  sequence of a r r i v a l  w i t h i n  t h e  

AubL;?iasian s t r ewnf i e ld  I The d e t a i l e d  chemical d a t a  when i n t e g r a t e d  w i t h  
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d a t a  on a b l a t i o n  c h a r a c t e r i s t i c s  of Aus t ra las ian  t e k t i t e s  and ca l cu la t ed  

t r a j e c t o r i e s  should y i e l d  a more comprehensive i n s i g h t  i n t o  t h e  o r i g i n  of 

t h e  s t r ewnf i e ld .  

Conclusions 

The p a t t e r n  of c o r r e l a t i o n  between elements i n  t h e  newly analyzed 

indoch in i t e s  and p h i l i p p i n i t e s  is s imi l a r  t o  t h a t  found i n  t h e  j a v a n i t e s  

and a u s t r a l i t e s  ( C u t t i t t a  and o thers ,  1964) I P h i l i p p i n i t e s  resemble 

a u s t r a l i t e s  and indochin i tes  resemble j ava? i t e s "  The new da ta  support  

t h e  conclusions based on t h e  e a r l i e r  analyses:  

1, Aus t r a l a s i an  t e k t i t e s  comprise a t  least  two d i s t i n c t  chemical 

populations:  (1) t h e  indochin i tes  and j avan i t e s ,  and (2) t h e  a u s t r a l i t e s  

and p h i l i p p i n i t e s .  Among o the r  c h a r a c t e r i s t i c s ,  t h e  MgO-CaO r a t i o  geqe ra l ly  

exceeds 1 i n  t h e  f i r s t  group and is  less  than 1 i n  t h e  second. 

2 .  Var ia t ion  of t h e  more or l e s s  v o l a t i l e  c o q s t i t u e n t s  i n  4 u s t r a l a s i a n  

t e k t i t e s  supports  t h e  hypothesis  of  s e l e c t i v e  lass  J f  t hese  c o n s t l t u e q t s  

by v o l a t i l i z a t i o n  under reducing conditions during t e k t i t e  formation 

3 The s m r c e  m a t e r i a l  f o r  a l l  of  t h e  Aus t r a l a s i an  t e k t i t e s  had a 

range a f  composition t y p i c a l  of ce r t a in  t e r r e s t r i a l  s i l i c i c  igneous rocks I 
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A COMPARISOP OF TWO SOLUTION TECHNIQLrES 'JSED I N  EMISSION 
SPECTROSCOPY' THE GAS CONTROLLED ARC AND 

ROI'ATING DISC-HIGH VOLTAGE SPARK 

by Charles Anne11 

In t roduc t ion  

Th i s  r e p o r t  i s  p a r t  of a continuing i n v e s t i g a t i o n  i n t o  t h e  a p p l i -  

c a t i o n  of spectrographic  analyses  t o  small samples. Since t h e  l a s t  

r e p o r t  concerning the  r o t a t i n g  d i s c  e l ec t rode  method f o r  spectrographic  

a n a l y s i s  of s o l u t i o n s  (Annell, 196L), t he  gas con t ro l l ed  a r c  method 

has been t e s t e d  and a comparison of the two techniques can be made. 

Ana l y t  i c a  1 techniques 

Ro ta t ing  d i s r - h i g h  voltage spark --The r o t a t i n g  d i s c  e l e c t r o d e  

assembly used f o r  the spectrographic  a n a l y s i s  of s o l u t i o n s  c o n s i s t s  of 

a g r a p h i t e  d i s c ,  0 - 5  inch i n  diameter and 118 inch t h i c k ,  a f f i x e d  t o  

the  end of a h o r i z o n t a l ,  motor-driven s h a f t  ,Hyman, 1952). The d i s c  

r o t a t e s  a t  about 30 r evo lu t ions  per minute, p a r t i a l l y  submerged i n  t h e  

sample s o l u t i o n  contained i n  a porcelain b o a t ,  The wet d i s c  b r ings  t h e  

sample cont inuously i n t o  a p o s i t i o n  opposite a 1/8-inch g r a p h i t e  rod 

e l e c t r o d e  maintained 4 nun above the  d i s c ,  A high vo l t age  spa rk  d i s -  

charged 240 t i m e s  a second e x c i t e s  t h e  sample The spark emission i s  

focussed on a 25-micron s l i t  with a c y l i n d r i c a l  qua r t z  lens  wi th  a f o c a l  

length of  100 cm An emulsion (111-0) records the  spectrum i n  t h e  
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u l t r a v i o l e t  region I 

Approximately ha l f  of a 2-ml sample i s  used i n  each run ,  The 

e l e c t r o d e  and s o l u t i o n  become heated during t h e  d i scha rge ,  causing some 

evaporat ion of t h e  remaining s o l u t i o n .  For r e p l i c a t e  exposures a f r e s h  

2-ml sample  i s  necessary t o  prevent e r r a t i c  r e s u l t s .  

Gas c o n t r o l l e d  arc.--A r e c e n t l y  developed gas c o n t r o l l e d  a r c ,  a l s o  

r e f e r r e d  t o  a s  t h e  "plasma arc" o r  "plasma j e t "  (Margoshes and Sc r ibne r ,  

1959; Owen, 1961) has become a v a i l a b l e  commercially. The a r c  assembly 

consisEs p r imar i ly  of a gas manifold which r e g u l a t e s  a He gas flow t h a t  

d i r e c t s  t h e  a r c  flame from a g raph i t e  r ing  anode through a g raph i t e  r i n g  

cathode t o  an e x t e r n a l  tungsten rod cathode. Liquid samples a r e  i n t r o -  

duced through the  anode r i n g  by a Beckman medium bore atomizer using an 

argon gas siphon. The sample i s  a sp i r a t ed  through the atomizer from a 

small  p l a s t i c  container  ~ 

He gas i s  introduced i n t o  t h e  gas j e t  assembly t a n g e n t i a l l y ,  and 

i s  maintained a t  a flow r a t e  a€ 45 c u b i c  f e e t  per hour ,  The argon gas 

i s  ad jus t ed  a t  4 , 5  cubic f e e t  per hour f o r  a sample consumption of 

s l i g h t l y  over 1 m l  p e r  minute. 

s t a b l e  a r c .  These adjustments may be va r i ed  s l i g h t l y ,  but a r a t h e r  small 

v a r i a t i o n  i n  any one may introduce an i n s t a b i l i t y  i n  the  a r c ,  

A d i r e c t  c u r r e n t  of 20 amperes g ives  a 

The middle t h i r d  of t he  a r c ,  between t h e  g r a p h i t e  cathode o r i f i c e  

and the  tungsten rod cathode,  i s  focussed on t h e  s l i t  w i t h  a 100-cm 

f o c a l  length s p h e r i c a l  qua r t z  lens  Exposures were 60 seconds a t  
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100 percent transmission. An emulsion (111-0) recorded the spectra in 

the wavelength region between 2250 and 4750 A 

The spectra with the gas controlled arc have some interference 

from OH bands, which are most intense from about 2810 to 3250 A. These 

bands preclude use of spectral lines of coinciding wavelengths, and, 

in addition, they often create high backgrounds, thereby introducing a 

source of error. 

Comparison of the two methods 

A test of the accuracy and precision of the gas controlled arc was 

made with a group of well analyzed silicate rock standards prepared in 

a 3 percent HCIOcc solution, The silica was driven off as SiFL during 

dissolution of the standards in a HE'-HC10 mixture, The remaining HF 

was removed by bringing the solution to fumes of HC10 and the final 4' 

HCIOL concentration was adjusted to 3 percent by volume 

solutions contained either 0,25 mg or 0 50 mg of silicate per ml, 1 mg/ml 

K CO as a spectrographic buffer and 1 mg/ml C o  (as CoCl ) as an internal 

standard 

4 

The sample 

2 3  2 

Five standard solutions of synthetic tektite compositions prepared 

in the same manner as the sample solutions were used to obtain analytical 

curves in the usual way (American Society for Testing Materials, 19641, 

The concentration ranges covered by the analytical curves for the five 
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elements i s  shown i n  t a b l e  1. These ranges w e r e  s e l e c t e d  because they 

bracketed t h e  concentrat ions i n  the samples being analyzed. 

A l l  s p e c t r a  were made with 60-second exposures i n  which approximately 

1 m l  of s o l u t i o n  w a s  used. The concentrat ion of Js-5, W - 1 ,  and ST-1 was 

0-25 mg/ml, and of G - 1  and G-W w a s  0.50 mg/ml. Resu l t s  of d u p l i c a t e  

exposures f o r  f i v e  elements i n  rock and t e k t i t e  samples are shown i n  

t a b l e  2 .  For comparison, a n a l y t i c a l  r e s u l t s  obtained f o r  j a v a n i t e ,  Js-5, 

by t h e  r o t a t i n g  d i s c  method (Annell, 1966) are  a l s o  included i n  t a b l e  1. 

A comparison of a n a l y t i c a l  r e s u l t s  obtained f o r  Ph i l ipp ine  t e k t i t e s  

using t h e  two s o l u t i o n  techniques i s  shown i n  t a b l e  3 .  The va lues  l i s t e d  

a r e  t h e  average,  i n  pe rcen t ,  of a t  l e a s t  t h r e e  chemical (or X-ray) 

determinat ions,  t h e  average of t w o  spectrographic determinat ions and the  

re la t ive  percent d i f f e r e n c e  between spectrographic and chemical r e s u l t s ,  

Exposure t i m e  f o r  t h e  r o t a t i n g  d i s c  method i s  120 seconds and f o r  

t h e  gas con t ro l l ed  a r c  method, 60 seconds, The amount of sample  s o l u t i o n  

consumed during a 120-second exposure i s  2 m l  and f o r  t h e  gas c o n t r o l l e d  

a r c  method, 1 m l "  Duplicate exposures r e q u i r i n g  Lc m l  of  s o l u t i o n  i n  t b e  

r o t a t i n g  d i s c  method and 2 m l  i n  t h e  gas c o n t r o l l e d  a r c  method r e q u i r e  

1 0  and 0 ' 5  mg of sample, r e spec t ive ly ,  I n  s p e c t r a  w i t h  s i m i l a r  back- 

grounds, t h e  r e l a t i v e  l i n e  i n t e n s i t i e s  obtained w i t h  t h e  r o t a t i n g  d i s c  

a r e  5 t o  10 times g r e a t e r .  Increased exposure t i m e  f o r  t h e  gas c o n t r o l l e d  

a r c  w i l l  i nc rease  t h e  i n t e n s i t y  of both l i n e  and background p ropor t iona te ly  

and w i l l  not con t r ibu te  t o  g r e a t e r  d e t e c t a b i l i t y ,  
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Conc lus  ions 

Comparison of the  two solut ion-spectrographic  methods can be summar- 

ized by t h e s e  points :  

(1) The accuracy and p rec i s ion  of t h e  two methods are s i m i l a r .  N o  

decided choice between t h e  methods i s  indicated by t h e  da t a  g iven  i n  

t a b l e s  2 and 3 Comparison between the spectrographic  and chemical (or  

X-ray) determinat ions shows an average d i f f e r e n c e  of less than  10 percent 

f o r  A l ,  C a ,  Fe ,  and Mgo The T i  r e s u l t s  a r e  r e g u l a r l y  higher by spec t ro -  

graphic methods and may i n d i c a t e  a need f o r  new T i  s t anda rds ,  

12 )  The l a r g e r  volume of s o l u t i o n  consumed by t h e  r o t a t i n g  d i s c  

method i s  o f f s e t  by g r e a t e r  l i n e  i n t e n s i t y  and increased d e t e c t a b i l i t y  

This g r e a t e r  d e t e c t a b i l i t y  obtained with the  r o t a t i n g  d i s c  e l e c t r o d e  

recommends i t s  use w i t h  a wider variety of s i l i c a t e  rock samples. 

(3) Both s o l u t i o n  techniques can be used t o  advantage when major 

element determinat ions a r e  required on 1-5 mg of s i l i c a t e  rock 
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QVANTITATIVE SPECTROGRAPHIC DETERMINATION OF N a  AND K I N  
SILICATE RQGK SOL?'IIONS USING THE ROTATING 

DTSC AND KLGH VOLTAGE SPARK 

by Charles Annell 

Introduct ion 

A previous r e p o r t  on t h e  use of the r o t a t i n g  d i s c  and high vo l t age  

spa rk  spectrographic  technique described t h e  determinat ion of A l ,  Fe,  Flg, 

Ca, and T i  i n  s o l u t i o n s  containing mill igram and submilligram q u a n t i t i e s  

of s i l i c a t e ,  including t e k t i t e  samples (Annell ,  1964).  A t  t he  time of 

t h e  previous r e p o r t ,  t he  determination of Na and K w a s  a l s o  t r i e d ,  but 

proved unsuccessful ,  This r e p o r t  descr ibes  t h e  success fu l  d e t e r n i n a t i o n  

of Na down t o  0 . 1  percent and IC down t o  0 3 percent i n  0 5 mg samples by 

the  r o t a t i n g  d i s c  method, 

The r o t a t i n g  d i s c  e l e c t r o d e  with high vol tage spark e x c i t a t i o n  i s  

f r e q u e n t l y  used f o r  t h e  analyses  of solut ions o r  l i q u i d s  For  a dzsc r ip -  

t i m  of apparatus  used i n  t h i s  work see Annell ( t h i s  r e p o r t )  and Hyman 

( 1 9 6 2 ) -  

v o l a t i l i z e d  a s  SiF and the  s o l u t i o n  heated t o  HC104 fumes t o  e l imina te  

excess HF, The s o l u t i o n  w a s  then adjusted t o  3 percent HC10 by volume 

and contained 0.5 o r  1.0 mg of sample per m l  of s o l u t i o n  

So lu t ions  were prepared w i t h  a HCIOh-HF mixture ,  The Si was 

4 

4 

'Ise of normal condi t ions and procedures proved unsuccessful  f o r  

analyzing small amounts of Na and K The very s e n s i t i v e  N a  5890 0 and 
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c 

K 7664.9 lines were photographed using a red-sensitive I-N emulsion, An 

ultraviolet absorbing filter was required at the slit to avoid second and 

third order line interferences at these long wavelengths. With a 25-micron 

slit, under these conditions, 1 percent Na and K were barely detectable 

at a sample concentration of 1 mg/ml of solution; furthermore, the slopes 

of the analytical curves were too low for use in quantitative analysis, 

New ana lyt ica 1 procedure 

By experimentation, a 60-micron slit width was found to provide the 

maximum illumination with low density background in the 5500-8000 A region 

Zhe 25-micron slit used normally, while desirable for the ultraviDlet 

region where sensitive lines of Al, Fe, Mg, Ca, and Ti are located, is 

not wide enough to fill the spectrographic collimator with light of these 

higher wavelengths (Harrison and others, 1948), 

An effective spectrographic buffer and internal standard element 

were added to the sample solutions in order to control intensity changes 

due to variations in the sample matrix, excitation, developing, or emul- 

sion. The buffer used consisted of 1 mg RbCl (Specpure) per ml of solu- 

tion 

tamination, The internal standard consisted of 0,05 mg Li CO per ml 

The RbCl necessarily had to be free of detectable K and Na con- 

2 3  
Of SQlUt i o n .  

The grating spectrograph used for these determinations requires 

separate settings for Na and K at the higher wavelengths, and Al, Fe, 



Mg, Cay and Ti at the lower wavelengths. This necessitates two separate 

exposures in order to determine all seven elements. If 2 ml of solution 

is used per exposure, the two exposures require a minimum of 1 mg of 

sample. 

Re su 1 t s 

Analytical curves obtained from the synthetic tektite standards and 

G-1 and W-1 silicate standards are given in figures 1 and 2 .  The 

766409 intensity ratios are plotted against the percent Na 5890.0 and 
Li 6707.8 Li 6707.8 

alkali in the original silicate sample. Slopes of the analytical curves 

are close to 45 degrees, which permits accurate determinations that had 

beem impossible without the Li internal standard and RbCl buffering. The 

rotating disc-high voltage spark technique of solution analysis, with the 

proper buffer and internal standard, can be used to quantitatively 

determine at least 0.1 percent Na and 0.3 percent K in a 0.5 mg silicate 

sample- 
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N E W  COMPOSITIONAL DATA ON METALLIC 

SPHERULE'S FOUND IN PHILIPPINE TEKTITES 

by F. C. Cuttitta, E. C. T. Chao, 

and Charles Anne11 

Introduction 

This preliminary report presents qualitative compositional data 

obtained by neutron activation analyses of a group of three metallic 

spherules found in a philippinite (Po-3) from the Ortigas Site, near 

Manila, Luzon. Other qualitative data were obtained on a single spherule 

by emission spectroscopy using an optical laser microprobe. The analyzed 

metallic spherules, discovered in wafers cut from the greenish pale- 

brown philippinites, ranged from 200 t o  450 microns in diameter. 

The occurrences and mineralogic, petrologic,and nickel-iron data on 

metallic spherules discovered embedded in philippinites from the Ortigas 

Site of Mandaluyong near Manila and in indochinites of Dalat, South Viet 

Nam, have been previously reported by Chao and co-workers (1562, 1964). 

They reported that the metallic spherules found embedded in tektites re- 

semble fresh meteoritic spheroids from Meteor Crater, Arizona,in texture 

and mineral assemblage, 

and the study of polished sections, a network of schreibersite with some 

troilite in a kamacite (Fe-Ni) matrix was identified (Chao and others, 

1964)" Their electron-probe micro-analysis of the kamacite and 

By means of a micro-focus X-ray diffraction unit 
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schreibersite in the metallic spherules provided quantitative analytical 

data for Fey Ni, and P. These data produced consistently low summations, 

suggesting the presence of other elements not detectable by spot analysis, 

as scanning of various areas of the spherule detected only Fey Ni, P, S ,  

and traces of G o ,  

A meteorite impact mechanism has been proposed for the formation of 

the nickel-iron spherules found in tektites I According to this hypothesis 

molten droplets of an impacting meteorite body are dispersed in the 

cektite melt formed by shock-induced fusion of the target rocks ?Chao 

and others, 1962 and 1964). Metallic nickel-iron and various sulfide 

minerals occurring in meteorites contain siderophilic and chalcophilic 

elements in great abundance compared to silicate rocks If the meteor- 

ite impact hypothesis is valid, the distinctive minor element assemblage 

of the iron meteorites might be found in the metallic spherules of the 

tektites, Ihus, trace element analyses may provide not only additional. 

compositional description of the nickel-iron spherules but also further 

evidence supporting a meteoritic impact hypothesis as the mechanism for 

the formation of tektites. 

Emission spectroscopic analysis 

A metallic spherule in a philippinite (Po-3c) from the Ortigas Site, 

was qualitatively analyzed by emission spectroscopy using an optical ruby 

laser microprobe The spherule was zmbedded in a suitable epoxy resin and 
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c a r e f u l l y  polished by hand and by v ib ra to ry  po l i sh ing  equipment Absorp- 

t i o n  by t h e  sample of t h e  l a s e r  beam, which i s  concentrated on t h e  sample 

by t h e  o b j e c t i v e  l ens  of a microscope, r e s u l t s  i n  vapor i za t ion  of t he  

t a r g e t  over a l l  of t he  a rea  exposed t o  the  beam, The vaporized sample 

ifrom a 50-micron diameter l a s e r  c r a t e r )  s h o r t  c i r c u i t s  an a u x i l i a r y  

e l e c t r i c a l  gap posi t ioned between t h e  sample and t h e  microscope o b j e c t i v e  

Ihe r e s u l t a n t  discharge produces a u se fu l  s p e c t r a l  emission of t he  spherule  

m a t e r i a l ,  which i s  recorded i n  a one-shot process w i t h  an equivalent  

?xposure t i n e  i n  t h s  mil l isscond rang? Se lec t ion  of t he  spherfAle a r e a  

t3 be analyzed was accomplished by adjustment of c ros s  h a i r s  a s  t he  

specimen w a s  viewed throtlgh [he ?yepiece of an inve r t ed  m e t a l l ~ ~ r g i c a l  

microscope For comparison, s p e c t r a  of s eve ra l  a r eas  of t he  embedding 

epoxy were a l s o  ob ta in?d ,  

Individual  s p e c t r a  a r e  not r ep rcsen ta t ivz  of any determinabl? 

q u a n t i t y  of t he  sample. This i s  due t o  v a r i a t i o n s  i n  t h e  o p t i c a l  d e n s i t y  

of t h e  ma te r i a l  being sampled, small i r r e g u l a r i t i e s  i n  t h e  geometry of 

t h o  su r face  being sampled. and unavoidabl? variation.;  i n  t h e  e l ? c t r o d +  

gap and i t s  d i s t ance  from the sample A s  t h e  l a s s r  p i t  has a hemispheri- 

c a l  shape about 50 microns i n  diameter,  i t  r ep resen t s  t he  v o l a t i l i z a t i o n  

of t h e  order  of one microgram of sample 

A q u a l i t a t i v e  a n a l y s i s  of the elemental  s p e c t r a  and t h z  r e l a t e d  

emission i n t e n s i t i e s  showed t h e  presence of r e a d i l y  d e t e c t a b l e  q u a n t i t i e s  

of C U ,  F r ,  and Mg. less  i n t s n s e  spectra  o f  A l ,  Ca, Pb, and N 1 ;  and f a i n t  

t r a c e s  of Ea, S i  Ag, a n d  T i  i n  t h e  sphe ru le ,  
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Neutron a c t i v a t i o n  analyses  

Three spherules  were simultaneously i r r a d i a t e d  f o r  16 hours i n  a 

t e f l o n  capsule  a t  t h e  Atomic Energy Commission X-10 r e a c t o r  f a c i l i t i e s  a t  

11 Oak Ridge, Tennessee, which has a usable thermal neutron f l u x  of 5 x 10 

neutrons c m  sec . The r ad ioac t ive  spherules  were t r a n s f e r r e d  t o  a non- 

r a d i o a c t i v e  polyethylene con ta ine r ,  and the  gamma a c t i v i t y  w a s  counted i n  

a 400-channel g a m - r a y  spectrometer equipped w i t h  a 3 inch by 3 inch 

sodium iod ide  ( tha l l i um ac t iva t ed )  c r y s t a l  and a pho tomul t ip l i e r ,  

- 2  - 1  

Evaluat ion of t h e  gama-ray  spec t r a  of t he  i r r a d i a t e d  s p h e r u l s p r o -  

vided d a t a  t h a t  can be bes t  i n t e rp re t ed  a s  i n d i c a t i n g  t h e  probable presence 

of Sb and I r  ( s i d e r o p h i l i c ) ;  Mo, Ag, and Zn ( c h a l c o p h i l i c ) ;  and Mn ( l i t h o -  

p h i l i c )  as minor c o n s t i t u e n t s  of t h e  metal l ic  sphe ru le s ,  The presence i n  

the  n i c k e l - i r o n  spherules  of a s u i t e  of t r a c e  elements s imilar  t o  those 

found i n  materials of known me teo r i t i c  o r i g i n  (Goldschmidt, 1954; Heide, 

1964; Mason, 1958) i s  c o n s i s t e n t  with a me teo r i t e  impact o r i g i n  f o r  

t e k t i t e s  

A comparison of t h e  n i c k e l - i r o n  spherules  found embedded i n  Asian 

t e k t i t e s  w i t h  m e t a l l i c  spherules  of known impact o r i g i n  from t h e  Meteor 

G r a t e r ,  Arizona,and the  Wabar Crater, Saudi Arabia,is now i n  progress 

us ing  neutron a c t i v a t i o n  techniques 

95 



Acknowledgment 

We are  indebted t o  D r .  F rede r i ck  Brech of J a r r e l l -Ash  Company, 

Newtonville 60, Massachusetts,  f o r  h i s  co-operation and he lp  i n  providing 

t h e  laser microprobe instrumentat ion used i n  t h i s  s tudy.  We a r e  a l s o  in -  

debted t o  t h e  Oak Ridge I n s t i t u t e  of Nuclear S t u d i e s ,  Oak Ridge, Tennessee, 

f o r  t h e  use  of t h e i r  instrumental  f a c i l i t i e s .  

References 

Chao, E .  C, T., Adler,  I s i d o r e ,  Dwornick, E ,  J,, and L i t t l e r ,  J a n e t ,  1962, 

M e t a l l i c  spherules  i n  t e k t i t e s  from I s a b e l l a ,  Ph i l ipp ine  Xslands- 

Science,  v .  135, no. 3498, p .  97-98. 

Chao, E .  C. T o ,  Dwornik, E.  J . ,  and L i t t l e r ,  J a n e t ,  1964, New d a t a  on 

t h e  n i c k e l - i r o n  spherules  from southeast  Asian t e k t i t e s  and t h e i r  

imp l i ca t ions :  Geochim. e t  Cosmochim Acta, v ,  2 8 ,  no,  6 ,  p 971-980, 

Goldschmidt, V. M,, 1954, Geochemistry: Oxford, Clarendon Press,  730 p .  

Heide, F r i t z ,  1964, Meteori tes :  Chicago, Lhiv.  of Chicago Press  lhLr p 

Mason, Brian,  1958, P r i n c i p l e s  of geochemistry, 2d ed New York, Wiley, 

310 p .  

96 



SOME ALKALI AND TITANIA ANALYSES OF TEKTITES BEFORE 

AND AFTER G - 1  PRECISION MONITORING 

by D. B .  Tatlock 

Determination of t h e  accuracy of chemical analyses  of rocks has 

always been d i f f i c u l t .  The earliest  approach (Washington's t a b l e s ,  

1917) w a s 9  i n  l a r g e  p a r t ,  simply t o  examine t h e  summation of i n d i v i d u a l  

analyses .  More r e c e n t l y ,  information on t h e  accuracy of rock a n a l y s i s  

has been gained through t h e  study of t h e  p rec i s ion  of r e p l i c a t e  analyses  

of s tandard samples, e s p e c i a l l y  G - 1  and W-1 (Schlecht and Stevens, 1951; 

a3d Stevens and Niles, 1960). A t h i r d  approach t o  determining t h e  

accuracy of rock analyses  i s  t o  examine t o  what ex ten t  analyses  of d i f -  

f e r e n t  bu t  c l o s e l y  r e l a t e d  samples show systematic  r a t h e r  t han  random 

p a t t e r n s  o f  v a r i a t i o n  of compositional p rope r t i e s .  An e x c e l l e n t  oppor- 

t u n i t y  f o r  t h i s  is  provided by comparing modern p r e c i s e l y  monitored 

ana ly ses  of  Australasian t e k t i t e s  with older  analyses  of specimens co l -  

l ec t ed  from the same s t r ewnf i e ld .  

Since 1961, 98 complete and 12 p a r t i a l  chemical analyses  of  major 

elements a f  Aus t r a l a s i an  t e k t i t e s  have appeared in t h e  geologic l i t e r a -  

t u r e  (16, Barnes, 1964; 4 ,  C u t t i t t a  and o the r s ,  1962; 12, C u t t i t t a  and 

o the r s ,  1964; 34, Schnetzler  and Pinson, 1964; 24, Taylor,  1962; 19, Taylor 

and Sachs, 1964; and 1, Wilford and Barnes, 1964). A l l  w e r e  p r e c i s e l y  

monitored with various s tandards which included G-1 g r a n i t e ,  W - 1  d iabase,  
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. NBS 99 ( f e ldspa r ) ,  and a r t i f i c i a l  t e k t i t e  g l a s s e s .  These modern analyses  

allow f o r  a reasonable petrochemical grouping of Aus t r a l a s i an  t e k t i t e s  

based l a r g e l y  on modified ACF and AKF p l o t s  ( r epor t  i n  progress) .  

I n  c o n t r a s t ,  no such reasonable grouping can be made from one p a r t i a l  

and 54 complete analyses  of Aus t r a l a s i an  t e k t i t e s  t h a t  appeared i n  t h e  

l i t e r a t u r e  from 1897 t o  1956. (Forty-seven analyses  were compiled by 

Barnes, 1940, and 8 by Schnetzler  and Pinson, 1963.) This i s  due i n  

l a r g e  p a r t  t o  probable inaccuracies  i n  CaO and MgO determinat ions,  es- 

p e c i z l l y  i n  t h e  o l d e r  i ndoch in i t e  and j avan i t e  analyses ,  as pointed out 

by C u t t i t t a  and o t h e r s  (1962, 1964) and Schne tz l e r  and Pinson (1963). S o  

far  as I know, however, no one has  discussed t h e  probable gross  inaccu- 

r a c i e s  i n  t h e  a l k a l i  oxide and T i 0  determinations i n  the  o l d e r  analyses  

as compared wi th  t h e  modern, p r e c i s e l y  monitored ana lyses .  On t h e  con- 

2 

t r a r y ,  Schnetzler  and Pinson (1964, p. 798) have s t a t e d  t h a t ,  except f o r  

MgO and CaO, "There appears t o  be general  agreement between S c h n e t z l e r ' s  

analyses  and t h e  analyses  reported by Barnes (1940)." 

Probably t h e  most s t r i k i n g  c h a r a c t e r i s t i c  of t he  110 modern analyses  

and poss ib ly  t h e  most important as regards t h e  d e r i v a t i o n  of t e k t i t e s ,  

i s  t h e  remarkable constancy of t h e  a l k a l i  r a t i o s  and of t h e  t o t a l  a l k a l i - -  

t h i s  d e s p i t e  a r a t h e r  wide range i n  CaO, A1203, and (FeWMgO). 

shows t h e  v a r i a t i o n  of K 0 with respect  t o  Na 0 i n  t h e  modern ana lyses .  
2 2 

The Nigg l i  k-values range from 0.48 t o  0.58 and average 0.53; t h i s  i s  

F i g u r e  1 

about t h e  maximum k-value range found i n  una l t e red  s a l i c  v i t rophyres  and 
# .  
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Figure 1. 
to red  ana lyses  of Aus t r a l a s i an  t e k t i t e s .  
Schnetz le r ,  open c i r c l e s ;  43 by Sachs, b lack  c i r c l e s ;  16 by Carron and 
C u t t i t t a  and 3 by Elmore, Barlow, B o t t s ,  and Chloe, open squares;  and 
14 by Mart inec,black squares. Dashed l i n e s  mark range of k-value and 
of t o t a l  a lka l i  oxide. 

Var ia t ion  of K 2 0  w i th  respec t  t o  Na20 i n  110 p r e c i s e l y  moni- 
Th i r ty - fou r  ana lyses  by 
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obs id i ans  from a given source (Hamilton, 1963; Anderson, 1933), T o t a l  

a l k a l i  oxide ranges from 2.92 ( j avan i t e )  t o  4.45 (high alumina a u s t r a l i t e )  

and averages 3.62 pe rcen t ,  These ranges and average t o t a l  a l k a l i  are 

almost i d e n t i c a l  w i t h  those of 21 b e d i a s i t e s  ( r ep resen t ing  a wide com- 

p o s i t i o n a l  range based on s p e c i f i c  g r a v i t i e s  and r e f r a c t i v e  i n d i c e s ;  

C u t t i t t a  and o t h e r s ,  1962; Chao, 1963) i n  which t h e  k-values range from 

0 - 4 3  t o  0.50 and average 0.47. T o t a l  a l k a l i  oxide ranges from 2 - 8 8  t o  

4.27 and averages 3.62 pe rcen t .  The remarkably s imilar  a lka l i  cha rac t e r -  

i s t i c s  of b e d i a s i t e s  and Aus t r a l a s i an  t e k t i t e s  s t r o n g l y  suggest a s i m i l a r  

genesis  and, because of t h e  narrow range i n  a l k a l i  r a t i o ,  render d e r i -  

v a t i o n  from any but a n  igneous source highly improbable. Conversely, 

given a s imi la r  genes i s ,  t h e  modern a l k a l i  analyses  of both b e d i a s i t e s  

and Aus t r a l a s i an  t e k t i t e s  suggest high a n a l y t i c a l  p r e c i s i o n ,  

I n  c o n t r a s t  t o  the modern, p rec i se ly  monitored ana lyses ,  t h e  55 o l d e r  

a l k a l i  analyses  might w e l l  be used t o  support  a sedimentary d e r i v a t i o n  

f o r  t e k t i t e s ;  t h e  wide range i n  both r a t i o  and t o t a l  a l k a l i  a r e  more 

nea r ly  c h a r a c t e r i s t i c  of  t h i c k  u n i t s  of c l a s t i c  sediments (Reed, 1957; 

Bai ley and o t h e r s ,  i n  press)  than of igneous rocks.  Figure 2 shows t h e  

v a r i a t i o n  of K 0 w i t h  r e spec t  t o  Na 0 f o r  t h e  o lde r  ana lyses ;  28 of t h e  

55 po in t s  f a l l  ou t s ide  t h e  superimposed f i e l d  of modern analyses  ( f i g .  1)- 

The k-values range from 0.39 t o  0.66 and average 0 ,49 ,  i n d i c a t i n g  a 

s l i g h t  b i a s  i n  favor  of Na 0 r e l a t i v e  t o  t h e  modern analyses  T o t a l  

a l k a l i  oxide ranges from 2.16 t o  5 = 2 1  percent--twice t h e  range of t h e  

2 2 

2 
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Figure 2 .  Variation of K20 with respect t o  Na20 i n  55 older analyses 
of Australasian tekt i tes .  Twenty-four Indochinites, open c irc les ;  10 
Javanites, 2 Borneo, and 2 Malay, black c irc les ;  11 Australites,  open 
squares; and 6 Philippinites,  black squares. Dashed l ines  mark f i e l d  
of precisely monitored analyses of figure 1. 
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modern ana lyses .  The average t o t a l  a l k a l i  oxide,  however, i s  3.68 pe rcen t ,  

s t r i k i n g l y  c l o s e  t o  t h e  3.62 percent t o t a l  a l k a l i  oxide of t h e  modern 

analyses  d e s p i t e  t h e  wide spread i n  the older  analyses .  

That t h e  p r e c i s i o n  and accuracy of t he  o lde r  a l k a l i  analyses  of 

t e k t i t e s  are indeed suspec t ,  and y e t  o f  a q u a l i t y  about average f o r  a l k a l i  

ana lyses  before  p r e c i s e  monitoring, i s  s t r o n g l y  suggested by comparing 

f i g u r e s  1 and 2 wi th  f i g u r e  3 ,  which shows t h e  v a r i a t i o n  of K 0 wi th  

r e spec t  t o  N a  0 f o r  60 e a r l y  analyses of G - 1  g r a n i t e  and 59 of W - 1  d i a -  

base (Schlecht and Stevens,  1951; and Stevens and Niles ,  1960). Nineteen 

of 60 G - 1  analyses  and 22 of 59 W - 1  analyses f a l l  ou t s ide  t h e  r a t h e r  

2 

2 

generous adopted l i m i t s  of a c c e p t a b i l i t y  (mean f standard dev ia t ion )  a s  

o u t l i n e d  by the  dashed r ec t ang le s  of f i g u r e  3. 

T i t a n i a  determinat ions i n  the  older  t e k t i t e  analyses  a l s o  f a r e  badly 

i n  l i g h t  of t h e  modern ana lyses .  Figure 4 shows the  decidedly p o s i t i v e  

c o r r e l a t i o n  of T i 0 2  w i t h  respect t o  A 1 2 0 3  i n  98 modern ana lyses .  

c o n t r a s t ,  f i g u r e  5 shows t h e  same plot  f o r  52 o lde r  ana lyses ,  only 15 of 

which f a l l  i n  t h e  "maximum f i e l d "  of  t h e  modern ana lyses ;  moreover, h a l f  

I n  

2 of the  o ld  analyses  show a T i 0 2  content g r e a t e r  than the  h ighes t  T i 0  

r epor t ed  i n  110 modern ana lyses .  The T i 0  of t h e  modern analyses  averages 

0,71 and ranges from 0.42 t o  0,90 percent ;  i n  t h e  o ld  analyses  i t  averages 

2 

0.84 and ranges from a trace t o  1 , l O  pe rcen t ,  For comparison, 60 e a r l y  

analyses  of T i 0  

c e n t ,  and have a s tandard dev ia t ion  of 0.20. 

i n  W - 1  average 1.07 pe rcen t ,  range from 0.10 t o  1 .68  per- 2 
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tored analyses of Australasian tektites .  
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Variation of Ti02 with respect to A1203 i n  52 older analyses 
Symbols the same as i n  figure 2 .  Dashed l ine  
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. 
In summary, inaccuracies in K 0, Na 0, CaO, MgO, and 1 ' i O  determinations 2 2 2 

in the 55 older analyses of Australasian tektites are sufficient to negate 

any reasonable petrochemical classification on which hypotheses of deri- 

vation might be based The analyses should not be used Furthermore, a 

comparison of the older analyses of Australasian tektites with early 

analyses of G-1 and W-1 suggests that at least a third of pre-G-1 alkali 

and titania analyses, such as those of Washington's tables (1917), are 

probably inaccurate Indeed, it is probable that the agreement between 

natural and experimental systems in which the alkalis play a paramount 

role (Tuttle and Bowen, 1958, p .  77-79) is considerably better than analyses 

from Washington's tables would suggest .  Similarly, one might question the 

use of older titania analyses in petrologic classification (Ghayes , 1964), 

especially in light of comparisons of old and new Hawaiian basalt analyses 

(NacDonald and Katsura, 1964, p 

the old analyses is &uch too high 

102) which suggest the Ti02 of many of 
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LUMINESCENCE OF ENSTATITE ACHONDRITE METEORITES 

by M. B. Duke and B. A .  Tryba- 1/ 

Introduction 

Reports of lunar red luminescence (Kopal and Rackham, 1963) have led 

to an experimental investigation of the luminescence of meteoritic material 

(Derham and Geake, 1964; Derham and others, 1964). The enstatite achondrites 

were found to exhibit red and minor blue luminescence. Derham and others 

f.1564) identified the luminescing mineral responsible for both the red and 

blue luminescence as enstatite (MgSiO ) and suggested that the red lumi- 3 

nescence is due to activation by small amounts of Mn. In many enstatite 

chondrites and enstatite achondrites Keil (oral communication) has observed 

red- m d  blue-luminescing enstatite excited by 20 KeV electrons in an 

electron-probe analyzer. 

We have made two simple experiments that bear on the problem of meteor- 

ite luminescence. First, we separated a mineral from the NGrton County 

meteorite that luminesces red under ultraviolet radiation, and found it 

t o  be forsterite (Mg2Si04), not enstatite. Although this is apparently 

in disagreement with the data cited above, the differences in luminescence 

may reflect the different manner in which luminescence was excited in the 

two experiments. Second, we observed the luminescence of artificial 

- 1/ Miindelein College, Chicago, Illinois. 
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. 
diopside (CaMgSi 0 ), containing small  amounts of Mn, T i ,  N i ,  C r ,  and F e y  

est imated by i r r a d i a t i o n  wi th  30 KeV e lec t rons  i n  an electron-probe ana lyze r ,  

2 6  

Pure d iops ide  luminesces blue while Mn-bearing diopside luminesces r e d ,  

which p o s s i b l y  explains  the  previous observations of red- and blue-luminescing 

e n s t a t i t e  i n  t h e  Bustee meteori te  (Derham and o t h e r s ,  1964) i f  t h e  Mn con- 

t e n t  of t h e  e n s t a t i t e  i s  v a r i a b l e .  

Red luminescence i n  t h e  Norton Countymeteor i te  

Red-luminescing g ra ins  up t o  5 mm i n  diameter were separated by hand 

picking from a sample of t h e  Norton County me teo r i t e ,  a f t e r  i r r a d i a t i o n  by 

long wavelength (3650 A )  W r a d i a t i o n .  X-ray d i f f r a c t i o n  powder p a t t e r n s  

taken of t h e  luminescing mater ia l  showed only t h e  l i n e s  of f o r s t e r i t e  

(Mg2Si04), whereas p a t t e r n s  taken of non-luminescing g ra ins  i n  t h e  m e t e o r i t e  

sample showed only the  l i n e s  of e n s t a t i t e  (MgSiO ) .  Emission spectrographic  

analyses  show t h a t  t h e  Mn content  of the e n s t a t i t e  i s  500 ppm and t h a t  of 

t he  f o r s t e r i t e  i s  400 ppm, 

3 

Reported f o r s t e r i t e  con ten t s  i n  the e n s t a t i t e  achondri te  me teo r i t e s  

range from 0 .5  percent t o  5.0 percent (Foshag, 1940; Lonsdale, 1947)- The 

approximate con ten t  of luminescent f o r s t e r i t e  i n  about f i v e  grams of 

Norton County fragments i s  3 percent .  
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Elec t ron  e x c i t a t i o n  of syn the t i c  diopside 

A s u i t e  of s y n t h e t i c  d iops ides ,  synthesized by Coleman (1962), w i t h  

small  amounts (1 t o  5 percent)  of u sua l ly  minor e lements)  were i r r a d i a t e d  

w i t h  30 KeV e l e c t r o n s  i n  an electron-probe ana lyze r .  Pure d iops ide  

luminesced blue,  Mn-bearing d iops ide ,  r ed ,  Ni-bearing d i o p s i d e )  green,  

T i -bea r ing  d iops ide ,  orange: C r -  and Fe-bearing diopside showed no lumi- 

nescence.  The amount of luminescence increased w i t h  inc reas ing  con ten t  

of t h e  minor elements.  

Discussion 

Leverenz (1944) i nd ica t ed  t h a t  complete s u b s t i t u t i o n  of Mg f o r  Zn 

2 4’ i n  Zn S i 0  a c t i v a t e d  by Mn, gives  a deep red-emit t ing phosphor, G a r l i c k  

(196rC) suggested t h a t  e n s t a t i t e  (MgSi03) a c t i v a t e d  by Mn might give a r ed  

emission. Syn the t i c  d iops ide  containing Mn luminesces r ed  under e l e c t r o n  

3 x c i t a t i o n .  Although the  spectrographic analyses  f o r  Mn i n  Norton County 

f o r s t e r i t e  show a f a i r l y  low Mn content ,  i t  seems probable t h a t  i t  i s  indeed 

Mn t h a t  a c t i v a t e s  t h e  luminescence 

Our experiment shows t h a t  under W r a d i a t i o n )  f o r s t e r i t e  i s  a much more 

e f f i c i e n t  e m i t t e r  than e n s t a t i t e  and must c o n t r i b u t e  most of t he  luminescence 

of t h e  t o t a l  me teo r i t e  sample. Even assuming an unusual ly  high e f f i c i e n c y  

of 50 percent  f o r  t h e  f o r s t e r i t e ,  t he  r e s u l t i n g  luminescent e f f i c i e n c y  f o r  

t h e  whole me teo r i t e  would be only on the order  of 1 t o  2 pe rcen t .  This low 

1 1 2  
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efficiency is similar to that suggested by Derham and others and indicates 

that red lunar luminescence is not likely to be caused by luminescence of 

enstatite achondrite material. It does not appear possible that silicate 

rocks, even with concentrations of high luminescing minerals can provide 

total luminescent efficiencies sufficient for significant lunar luminescence. 

The electron-probe observations of luminescence of diopside are per- 

haps applicable to the explanation of the blue luminescence of part of the 

enstatite of Norton County. If there is a variation of Mn content, the 

luminescence may vary from grain to grain. Different Mn contents of two 

distinct types of enstatite, distinguished as "glassy". and "cleavage" 

enstatite (Beck and LaPaz, 1951), may lead to the observed blue and red 

luminescence. 
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ERRATA SBEET 

PART C: COSMIC CHEMISTRY AND PETROLOGY 

ANNUAL PROGRESS REPORT 

J u l y  1,  1963 t o  Ju ly  1,  1964 

Page 4 c a p t i o n  should read;  

Figure 1. Comparison of s p a l l e d  moldavite t ea rd rop  from S lav ice ,  
Moravia ( a )  wi th  spa l l ed  a u s t r a l i t e  teardrop from Remark,  South 
A u s t r a l i a  (b) . Upper r igh t - -pos t e r io r  view; upper l e f t - - a n t e r i o r  
view; lower l e f t - - s i d e  view wi th  pos t e r io r  s i d e  t o  the  r i g h t ;  and 
lower r i g h t - - s i d e  view wi th  pos t e r io r  s i d e  t o  the  l e f t .  

Page 50 cap t ion  should read; 

Figure 23. Photograph showing the  gent ly  dipping sur face  of t h e  
northwestern rim of the  Sangiran Dome a t  t r i a n g u l a t i o n  s t a t i o n  no. 
356, 6 m i l e s  no r th  of Surakar ta ,  Java.  The su r face  was under l a in  
by an  u n s t r a t i f i e d  lag g rave l  as shown by t h e  T-shaped t rench .  Some 
300 j a v a n i t e s  were repor ted ly  found on t o p  of t h i s  sur face .  None 
were found w i t h i n  the  lag grave l .  

Page 51 cap t ion  should read; 

Figure 22. 
f i e d  l ag  g rave l  overlying the  Middle P le i s tocene  Kabuh beds.  

Geologic c ros s  s e c t i o n  showing t h e  t h i n  layer  of u n s t r a t i -  

Page 89 cap t ion  should read;  

Figure 1. Ana ly t i ca l  curve f o r  t h e  determinat ion of K i n  3.97 
perch lo r i c  a c i d  so lu t ions  of s i l i c a t e  rocks using t h e  r o t a t i n g  
d isc-h igh  vo l t age  spark method. Percent va lues  r e f e r  t o  t h e  K 
conten t  of t h e  o r i g i n a l  s i l i c a t e  rock. 

Page 90 cap t ion  should read; 

Figure 2.  Analy t i ca l  curve f o r  t h e  determinat ion of Na i n  3.97  
p e r c h l o r i c  a c i d  s o l u t i o n  of s i l i c a t e  rocks using the  r o t a t i n g  
d isc-h igh  vo l t age  spark method. Percent va lues  r e f e r  t o  t h e  Na 
conten t  of t h e  o r i g i n a l  s i l i c a t e  rock. 


